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DESCRIPTION OF THE U. S. FLEET COLLIER 
JUPITER. 


By LIEUTENANT S. M. Rosinson, U. S. Navy, MEMBER. 


‘The Jupiter was authorized by Naval Appropriation Act 
of May 13, 1908, at a limit of cost of $1,800,000.00. The 
Secretary of the Navy designated the Mare Island Navy Yard 
as the building yard for the collier provided by the said Naval 
Act, “to be built in stich Government yard on the Pacific 
Coast as the Secretary of the Navy shall direct.” The limit 
of cost was decreased to $900,000.00 in Naval Appropriation 
Act of March 3, 1909; subsequently increased to $1,000,000.00 
in Naval Appropriation Act of June 24, 1910; subsequently 
increased to $1,200,000.00 (exclusive of indirect charges) in 
Naval Appropriation Act of March 4, 1911; the total cost of 
building the vessel (including indirect charges, but excluding 
leave, holiday and disability) was $1,271,986.00. The keel was 
laid October 18, 1911; the vessel was launched August 25, 
1912, and went into commission April 7, 1913. ‘The vessel 
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was built in conformity with the rules of the American Bu- 
reau of Shipping. 

The ship is of the twin-screw, single-deck type. She was de- 
signed for a speed of 14 knots, developing 5,500 S.H.P. with 
a load displacement of 19,230 tons at a draught of 27 feet 6 
inches, 

The complement is Navy, and consists of eleven officers 
and 148 men; of these fifty-five are of the seaman branch, ten 
in the artificer branch, fifty-nine in the engineer’s force, fifteen 
in the commissary and messman branches, and,nine in the 
special branch. 

The general dimensions of the ship are as follows: 


Length over all, feet and inches..............cccccceeceeeees 542-0214 
between perpendiculars, feet and inches.............+. 520-00 
‘on L.W.L,, feet and inches...........cccccccccocscces 520-00 
Beam, extreme, feet and inches............cceeececcecevccecs 65-0243 
moulded, feet and incheS..............c.cceccccsceees 65-00 
Draught, mean designed, feet and inches..............eeeeee 27-06 
Displacement, on designed draught, in tons.............seeee 19,230 
per inch on L.W.L., in tons................002 64.75 
Area in square feet midship section, moulded................. 1,655 
Ty WlDUARes es ras ck aha vekess boone 27,140 
wetted surface at 27 feet 6 inches draught. 27,750 
C.B. above bottom of keel, feet and inches................ 14-05% 
C.B. abaft of midship section, feet and inches................: 202354 
Transverse metacenter above C.B., feet and inches........... 12-11% 
Longitudinal metacenter above C.B., feet and inches .......... 624-0674 
Coefficient of fineness, block............ 0c. cece eee ec cece eee 7215 
midship section................ Ried back cate .9783 
Ds PAROS is cy Sv ais oan sce Sas Gee 7954 


UMEIGUICA LS 655 58 cin sp Fak be eae eG ws ves Oh Sines 7375 


HULL AND COMPARTMENTS, 


‘The ship has four decks forward and five aft, the forecastle 
and poop each being one deck higher than the upper deck. 
Amidships in the cargo space there is but one deck. There 
are’ nine watertight, five oiltight and two non-watertight 
’thwartship bulkheads. All decks are of steel except the fore- 
castle, poop and superstructure decks, which are wood with 
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stringer and tie plates of steel. Steel bulwarks four feet high 
are built in the waist along the upper deck. 

The crew’s space consists of the upper and berth decks aft, 
and there is spare berthing space forward on the same decks. 
The space aft is fitted with stationary bunks and lockers for 
the entire crew. The chief petty officers’ space is on the port 
side of the upper deck at the after end of the ship; the sickbay 
is in a corresponding position on the starboard side. The 
crew’s washrooms are on the starboard side of the upper deck 
aft, the seamen’s being the after one, and the firemen’s the 
forward one, the latter being near the exit from the starboard 
uptake. The officers’ staterooms and mess rooms are on the 
poop deck. 

The storerooms are on the lower deck aft and on the lower 
and berth decks forward. The paint and oil rooms are on the 
upper deck forward. 

The pump room for handling cargo oil is forward and ex- 
tends from the forecastle deck to the top of the forward peak 
tank ; the chain locker is forward of the pump room and access 
is had to it from the pump room. 

There are three peak tanks, one forward and two aft. 

There are thirteen cargo holds. Holds 1, 2, 3 and 4 are 
under the forecastle and are for oil only; holds 5, 6, 7, 8, 9, 10, 
11, 12 and 13 are between the forecastle and poop in the waist 
of the ship; of these, 5, 6, 7.and 8 are for either oil or coal. 
The holds that may be used for oil are in pairs, one on each side 
of the ship and divided by a fore-and-aft bulkhead. The holds 

‘that are used for coal only extend the width of the ship and 
are of the self-trimming type. There is a cofferdam between 
hold 9 and the two oil holds 7 and 8 just forward of it. Holds 
1, 2, 3 and 4 are fitted with a large expansion trunk which 
extends up to the forecastle deck. Holds 5, 6, 7 and 8 are 
covered by 12-foot 6-inch X 14-foot 0-inch hatches. Holds 
9, 10, 11, 12 and 13 are each covered by two 12-foot 6-inch X 
32-foot 0-inch hatches. 

There are three coal bunkers located abaft No. 13 cargo 
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hold. Number 1 bunker extends from the inner bottom to the 
poop deck at the forward end, and to the superstructure deck 
at the after end, the two ends being connected into one bunker 
over the boilers; the after end of the bunker is divided into two 
parts by the donkey-boiler space ; there are two hatches at each 
end of the bunker. Nos, 2 and 3 bunkers are small reserve 
bunkers situated on each side of the engine-room space, and 
are filled through trunks from four scuttles on the poop deck. 
‘These bunkers connect with the main bunker and do not extend 
below the level of the floor over the boilers. The main bunker 
has three feeding doors in the forward end of the fireroom and 
two in the after end. 

There are fifteen double bottoms in the ship. Nos. 1, 2, 3 
and 4 are under oil holds 5, 6, 7 and 8, and are oiltight, being 
used for cargo space when these holds are used for oil; 
they are not to be used for ballast purposes. No. 5 double 
bottom is under the cofferdam. Nos. 6, 7, 8, 9, 10 and 11 
double bottoms are under the coal holds and are used for bal- 
last purposes; they extend the full width of the ship. Nos. 
12, 13, 14 and 15 are used for reserve feed purposes and are 
in pairs divided by a fore-and-aft bulkhead. 

There are two fresh-water tanks in the ice-machine room, 
which is just abaft the engine room. These supply a gravity 
tank situated on the after end of the superstructure deck. 

There are twelve topside ballast tanks, six on each side of the 
ship, all of them being in the waist. 

The work shop is situated on the upper deck at the top of 
the engine-room hatch. The following machine tools have - 
been authorized for it, but have not yet been supplied: 

1 gap lathe; 
1 engine screw-cutting lathe; 
sensitive drill; 
drill press; 
shaper ; 
emery grinder ; 
work bench. 


pra ee 
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At the after end of the forecastle there are located a flying 
bridge and a lower bridge. On the flying bridge are located the 
following : 

Chart board ; 
. Steering wheel ; 

Compass ; 
2 Pelorus stands; 

Double-faced engine-room telegraph; 
2 Voice tubes ; 

Telephotus for ardois; 

Docking telegraph ; 

Whistle and siren pulls. 


The lower bridge has an emergency cabin and toilet on the 
starboard side and a chart house on the port side. It also has 
the following : 

Wheel ; 

Compass ; 

Double-faced engine-room telegraph ; 
3 Voice tubes; 

Telephone; 

Steering telegraph ; 

Tell-tale board for running lights ; 

Aneroid ; ‘ 

Whistle and siren pulls. 


On the after end of the superstructure deck there is a wheel, 
docking telegraph and voice tube. 

The following table shows the capacities of the various 
tanks, holds, bunkers, etc. : 


Coal Bunkers, 


ee ereer eer eee wm ee ee eee eee eee eee ee eee eeeseve 
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Peak Tanks. Gallons. 
MIN i dal shan inte: Seed cents 4 76,262 
ANG se ais i pea bein os 103,410 
iO. Bs a iwines wae Bh EE Me 37,490 
2 RE IE Roun Mareen ara ie 217,162 
Fresh-water Tanks. Gallons. 
oles tanita CB) i 5 VX 5,334 
Gravity tanks 6.60 8 a 268 
Pee PO A os. OS KR wees 22,435 
ou es BG AS... oe Sila rasa 22,435 
Ee i A Ss RSE ERR SK 32,055 
D:B:' No: 16. ..>. gE i eS 32,055 
TR ON RRA AIRS 114,582 
Oil Holds. Gallons. 
Me Be etc as cccieree os 87,744 
We is oo ee eae bes Se ECB 87,156 
uy See ata ead Rael nag eanen ak tetis. 115,074 
DO Ws ko ls ook bake ORR ROBE 115,643 
ES ree ec ees as eS  MDTOEE 
Doe Gs ais viad:tsels soulousimogna « 136,530 
ee ee ga ire el ke 135,663 
We 7. ads 3 cwiticngsu lic eve 143,777 
WU eg ee a eee fey wen 144,678 
(These capacities include double 
bottoms 1, 2, 3 and 4.) 
Grand total of oil holds............ 966,265 





Tons. 
291 
395 
143 





829 


Tons. 
19.8 
1.0 
83.0 
83.0 
119.0 
119.0 


424.8 


Tons. 
293.0 
291.0 
385.0 
387.0 


1,356.0 


456.0 
453.0 
481.0 
484.0 


3,230.0 











Double Bottoms. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


No. 
No. 
No. 
No. 
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Gallons (S.W.). 
Arete atetrere Ble weelee wie eis 3,456 
SRS See NE pier coare ee Nec 58,251 
ee oe ed ee ae 68,723 
Se a lanacate ate Wise oats Oe ee ee 68,723 


eee eee eee eee ere eee eee e ee eee ewseeeeeeene 
eee ee eee eee eee eee eee eee ee eeeeeeeeeseene 
oe eee eee eee eee ere ee eeeseeeeeeeeeeseeeeee 


eee eee eee ee eee eee ese ee eee eee ee eeeeeeens 


"FotaP (028 )ise. S300 SINGTT ARE EDIE B02 8 


Coal Holds. 


No. 
No. 
No. 
No. 
No. 


eee eer eee eee eee eee seers eee eee seeeseseeeeees 


| 


i 


ore ete eee ees ere ee ee eee eee eee ese eeeeeee 


Total (9-2B) ss vnw> sin waa ecdescs ork «mnie boa ts 


Grand total (43 cubic feet equal one ton)........... 


529 


Tons. 

13.0 
223.0 
263.0 
263.0 
263.0 
250.0 
191.0 


1,867.0 


This gives a cargo capacity of 966,265. gallons of oil and 
9,856 tons of coal, or 405,617 gallons of oil and 11,377 tons of 
coal, 
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Topside Ballast 
Tanks. : Gallons (S.W.). Tons. 
Re Ce a ss & Oe od bine ao 25,900 98.9 
i, See ey ere eee 25,900 98.9 
Se BRR ail an ell gies tae eee 38,450 147.0 
BE RES S pentane tooled Sp pear 38,450 147.0 
Mess bawes sop hike whe ewe 43,000 164.2 
ek. on ot > aa cawhee os 43,000 164.2 
Sey ees Rae pert ene epee 43,450 165.8 
ee ris ee 43,450 165.8 
ee os BREE SS soi ss eer sees 43,400 165.6 
WE RS ce tence ko been 43,400 165.6 
MEE esa Sak coc awe eee Gh es 40,700 155.4 
ee Ee pear seere Dae 40,700 155.4 
ME fe ere a As 469,800 1,793.8 


All topside ballast tanks, peak tanks, double bottoms, coal 
bunkers and the fireroom bilges are painted with bitumastic 
paint; the coal holds and engine-room bilges are red leaded ; 
the oil holds are coated with oil. 

There is no artificial ventilation in the ship except for the 
oil holds. Ventilators are led down from the superstructure 
to all living spaces. They are entirely inadequate for the 
lower decks. 


COAL-HANDLING GEAR. 


The coal-handling gear was furnished by the Mead, Mor- 
rison Mfg. Co. Their contract calls for a delivery of 100 tons 
per bucket per hour when the gear is operated by a winchman 
of one week’s experience. 

The support for the booms’ and rigging is a tower which 
consists of two A-frames, tied together with X-braces. There 
are seven of these towers in the waist of the ship and one on 
the superstructure. There is a single A-frame between the 
two after (7 and 8) towers, which acts as an additional sup- 
port for the fore-and-aft trolley way which runs between 
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towers 6 and 8. This trolley way is a semi-box girder and takes 
the place of the ’thwartship cable span when transferring coal 
from hold No. 13 to No. 1 bunker. 

At each tower, except 1 and 8, there are four booms, two 
on each side of the tower. Nos. 1 and 8 towers have only 
‘two booms each. The heel of each boom steps into a socket on 
the side of the tower and is supported by a standing-wire 
topping lift; there are two guys for holding the boom in the 
proper position in a fore-and-aft direction. The ’thwartship 
cable span, which acts as a track for the trolley, rons from a 
boom head on one side of the ship to a boom head on the other 
side, the forward pair of booms on each tower plumbing the 
hatch just forward of it, and the after pair of booms the 
after hatch. The cable span gives a travel of twenty feet 
beyond each side of the ship and has sufficient height to clear 
the deck of a battleship twenty feet above the collier’s deck. 
Each boom has a manila topping lift for topping it up into a 
vertical position for securing; it is held in this position by a 
pin and also by a wire preventer. 

There are two winches, one clam-shell bucket of one ton 
capacity (three-quarter for the bunker), and a trolley, for 
each pair of booms. " 

One winch has two drums, one for holding, the other for 
opening and closing; the other winch has one drum for tra- 
versing. 

The trolley consists of a carriage with two sheaves in the 
top half which travel on the cable span and with four sheaves 
in the lower half, these being for the opening and closing and 
holding lines. The line for traversing also makes fast to the 
trolley, but runs through no sheave in it. 

The grab bucket is provided with an upper head, to which 
the links are pivoted, and with a bottom head, to which the 
segments of the shell are pivoted ; there is.a triple block in the 
lower head and a double block in the upper head.’ The shell 
of the bucket is 34-inch steel plate, reitiforced at the mouth 
with 1-inch X 8-inch stéel jaws, beveled at the cutting edge. 














532 U. S. FLEET COLLIER JUPITER. 


The shell segments are hinged to the bottom head and are 
connected by links to the upper head; the construction of the 
bucket is such that when suspended from the upper head the 
segments will swing open and stay open till the upper and bot- 
tom heads are pulled together by the opening and closing line, 
which reeves through the blocks in the upper and bottom 
heads. There are supplied ten 1-ton, and three 34-ton grab 
buckets. 

The bucket is suspended in a bight by both the opening and 
closing and holding lines, thus making these lines independent 
of the position of the trolley. The traversing line is continu- 
ous, so that it unreeves on one side of its drum as fast as it 
reeves off on the other side. One end of the opening and clos- 
ing line makes fast to a boom head (the one on the opposite 
side of the ship from its winch), it then reeves over a sheave in 
the trolley, then through triple and double blocks in the bot- 
tom and upper heads of the bucket, then back through a sheave 
in the trolley, then through a sheave in the boom head (the 
one on the same side of the ship as the winch), then up to a 
sheave in the top of the tower, then down to the drum of the 
winch, where it makes fast. The lead for the holding line is 
practically thé same as that for the opening and closing line; 
the difference is that it reeves through a single block attached 
to the upper head of the bucket. The main function of this 
line is to support the bucket when the opening and closing line 
is slacked off; the normal position of the bucket being wide 
open, it immediately swings into this position as soon as the 
opening and closing line is slacked; when this line is taken in, 
the double and triple blocks on the bucket are pulled together, 
and this pulls the two halves of the bucket together and 
keeps them that way as long as the line is kept taut. The 
opening and closing line really acts also as a hoisting line, and 
as soon as the bucket is closed both opening and closing line and 
holding line are taken in together, and both act to hoist the 
bucket. The traversing line makes fast to a pin on the trol- 
ley, then reeves through a sheave at the boom head, then 
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through a sheave (fair lead) on the side of the tower, then 
through a sheave in the tower, then around the winch drum, 
then through a sheave in the tower, then through a sheave 
(fair lead) on the side of the tower, then through a sheave in 
boom head, then back to a pin on the trolley, making the 
circuit continuous from one side of the ship to the other. 

The hoisting engine is twin cylinder with 10-inch diameter 
and 12-inch stroke; it runs in only one direction and has a 
throttle operated by a foot lever. It has two drums, both of 
which are engaged by conical frictions covered with leather ; 
these are operated by hand levers. There is a friction-brake 
band for locking the holding drum, and this is operated by a 
foot lever; this brake is used when it is desired to keep the 
bucket suspended for any considerable period of time. The 
hoisting engine also has an extension gypsy head for hoisting 
hatch covers, booms, etc. The winch is operated by steam at 
135 pounds pressure per square inch. 

.The trolley engine is twin cylinder with 814-inch diameter 
and 10-inch stroke; it has reversing links for changing the 
direction of rotation, and this is operated by a hand lever; 
the throttle is operated by a foot lever. The drum is split 
in two halves by a plane at right angles to its axis; one-half 
of the drum is locked by a key to the rotating shaft and the 
other half is locked by a conical friction which is operated by 
a thrust screw and nut on the end of the shaft. This friction 
is ordinarily in all the time when running and is only thrown 
out when it is desired to take up the slack of the trolley wire, 
which must always be kept taut; to take in the slack of this 
wire the friction half of the drum is slacked off and held from 
rotating by a brake band operated by a hand lever; the other 
half of the drum is then rotated until all the slack is taken up; 
the engine is then stopped and the two halves of the drum are 
locked together by the thrust screw and jamb nut. The after 
trolley engine has an extension on the drum shaft and a second 
trolley drum on this extension; the second drum is. thrown in 
or out by a clutch, and is used for operating the fore-and-aft 
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trolley and taking coal out of No. 13 cargo hold for bunker 
purposes. The gear for holding, opening and closing, and 
traversing is all rove off on the after tower for fore-and-aft 
coaling in practically the same way that it is for the transverse 
method, except that the leads are in a fore-and-aft direction 
instead of ’thwartships. 

In addition to the use of buckets coal can also be handled by 
either the transverse or fore-and-aft method by using four- 
pronged hooks for bags or by using skips, the latter being in- 
tended particularly for the ship’s bunkers. 

Each bucket requires two men to operate it, one man to 
open and close and hoist and lower, and another man to tra- 
verse. The bucket operator has two hand levers and one foot 
lever to operate ; his right-hand lever operates the opening and 
closing and the left-hand lever the holding line; the foot lever 
operates the throttle of the engine. The trolley operator has 
a hand lever for moving the reversing. links and a foot lever 
for the throttle. Starting with the bucket open and on the 
coal in the hatch, the operation is as follows: 

The bucket operator puts his right foot on his throttle and 
starts his engine, then throws in with his right hand the open- 
ing and closing drum which pulls the bucket together, then 
throws in with his left hand the holding drum, and the two 
drums hoist the bucket to the desired height; he then takes 
his foot off the throttle and stops his engine. ‘The trolley 
operator will already have his links thrown in the proper posi- 
tion, and when the bucket comes up clear of the hatch he 
starts his engine by putting his left foot on the throttle lever, 
and when he has moved the bucket over the deck of the battle- 
ship, he takes his foot off the throttle and stops his engine; 
he then throws his links into the reverse position for the re- 
turn trip. As soon as the bucket is over the deck of the 
battleship the bucket operator throws out the opening and 
closing drum and the bucket immediately swings open. The 
trolley operator then starts his engine and returns the bucket 
to the hatch, when he stops his engine and throws over his links 
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for the next trip. As soon as the bucket is over the hatch the 
bucket operator releases his hoisting and holding drums and 
lets the bucket drop on the coal, completing the cycle. The 
bucket will probably close as it drops, in which case the bucket 
operator will throw in his holding drum just before the bucket 
reaches the coal; the bucket will then open, and he can throw 
out his holding drum, dropping the bucket on the coal. 

The operating platform is situated about twenty-five feet 
above the deck and inside the tower. The levers are placed here 
and are. connected up to the engines by means of shafts and 
bell-crank levers. From this position, the operator can al- 
ways see his bucket, both when taking coal out of a hatch 
- on the ship and also when taking it from a barge or another 
ship alongside. The levers were changed to this position 
after a trial with them when placed on the deck alongside the 
winches. A great deal of trouble was experienced with the 
operation under these conditions and it was also necessary to 
have a third man stationed at the rail to give signals when 
taking coal from a barge alongside. 


OIL-HANDLING SYSTEM. 


For filling and emptying the cargo holds there are four 6- 
inch gate valves on the forecastle and 6-inch wrought-iron pipes 
which lead from these valves down through the forecastle, 
where two on each side join into an 8-inch pipe, and these two 
8-inch pipes in turn connect to a 10-inch riser, which leads 
down to the pumps in the pump room. There are also two 
6-inch connections with blank flanges on the side of the ship 
which also join the 10-inch riser. 

In the pump room are two 14-inch X 12-inch X 12-inch 
horizontal duplex pumps, manufactured by the Canton Hughes 
Co. They are rated at 1,000 gallons per minute each, with a 
steam pressure of 130 pounds. From these pumps two 10-inch 
wrought-iron suction and filling lines lead aft along each side 
of the center-line bulkhead with a 10-inch stop valve in each 
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oil hold operated by a hand wheel on the upper deck. ‘These 
lines are carried on top of the floor in holds 1, 2, 8 and 4 and 
in the double bottoms under holds 5, 6, 7 and 8. An 8-inch 
connection for flooding tanks is provided on the suction side 
of the pump and carried to the sea valve in the forward trim- 
ming tank. A 10-inch Macomb strainer is fitted on each pump 
suction. Each oil hold is also provided with a 2-inch hand- 
pump suction which leads to a manifold on the bulkhead and 
thence to a hand pump on a grating in the pump room. 

Heating coils of 1-inch pipe are fitted about the 10-inch suc- 
tion in each hold; they are supplied with steam from the pump 
room and drained into the auxiliary exhaust on the upper deck. 

Cross connections in the pump room allow pumping with 
either one or two pumps, from one hold to another, overboard, 
or from overboard. 

A No. 3 Sirocco fan placed on the berth deck above the 
pump room is connected to the 10-inch oil suctions for re- 
moving gas from the various holds. 


FIRE-MAIN AND FLUSHING SYSTEMS. 


Either of these systems can be operated by the salt-water 
sanitary pump, ballast pump, or the fire and bilge pump. The 
salt-water sanitary pump is a 6-inch X 84-inch X 6-inch 
horizontal, duplex, Blake pump, rated at 350 gallons per min- 
ute. The ballast pump is a 7%-inch X 9-inch X 10-inch 
vertical, duplex, Blake pump, rated at 660 gallons per minute. 
The fire and bilge‘pump is a 12-inch & 8%4-inch X 12-inch 
vertical, duplex, Blake pump, rated at 590 gallons per minute. 
All three pumps have 6-inch suctions from the same sea chest, 
which is in the starboard forward corner of the engine room 
near the pumps. 

The flushing system has a 3-inch galvanized wrought-iron 
riser leading directly from the discharge side of the sanitary 
pump up through the engine-room hatch on the starboard 
side; on the upper deck there is a cross-connection to the fire 
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main. The riser reduces gradually until at the water closets 
there is a 1-inch line to the bowls and a 34-inch line to the 
salt-water faucets and showers. The two water closets for- 
ward are flushed from the fire main. 

The fire and bilge pump and ballast pump have a cross-con- 
nection to a 5-inch discharge to which the fire main connects. 
There is a 7-inch galvanized wrought-iron riser which leads 
from this cross-connection up the forward engine-room bulk- 
head on the starboard side to the level of the berth deck; from 
here a 4-inch branch is led up under the poop deck and aft 
reducing in size to 24-inch diameter, and supplying 214-inch 
fire plugs on the upper and poop decks. The 7-inch riser con- 
tinues forward under the berth deck on the starboard side until 
it reaches the forward fireroom bulkhead, where it divides into 
two 6-inch branches, one running forward on the starboard side 
and the other on the port, both above the upper deck. These 
branches both reduce in size to 3%4 inches and supply 24-inch 
fire plugs on the upper deck and forecastle. There are 3%4- 
inch stop valves which admit water to topside ballast tanks and 
also to the cofferdam. In the fireroom, 214-inch connections 
are taken off for both ash chutes. 

Both of the forward branches and also the after one are 
controlled independently by cut-out valves. 


STEAM FIRE-EXTINGUISHER SYSTEM. 


From the steam line to the anchor engine there is taken off 
a 34-inch branch which leads forward and branches, one part 
leading to the lamp room and the other to the paint and oil 
room. : 

From the same steam line is taken off a steam manifold 
for the four forward oil holds, each hold having a separate 
pipe and valve. 

From the auxiliary line in the waist of the ship is taken off a 
steam manifold for holds 5, 6, 7 and 8; each hold has separate 
pipe and valve. 
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REFRIGERATING SYSTEM. 


The refrigerating system consists of a 3-ton ammonia ice 
machine with a 7-inch X 10-inch ammonia compressor and 
94-inch X 10-inch engine, a brine tank 4 feet 914 inches X 
22 inches X 4 feet.1 inch, a 4%4-inch X 234-inch X 4-inch 
duplex. double-acting Deane pump for circulating cooling 
water, a similar pump for circulating brine, and a refrigerator 
room divided into four compartments and containing 2,884 
cubic feet stowage space. 

The ammonia machine and brine tank were furnished by the 
Vilter Mfg. Co., of Milwaukee. 

Each of the refrigerating rooms has its own cooling coil 
which is independently controlled; there is also a brine pipe 
and return leading to the scuttle-butt on the upper deck. 


BILGE AND BALLAST SYSTEM. 


The function of the bilge system is to draw water from the 
bilge wells in the engine room, fireroom and cargo holds, and 
discharge it overboard by means of the fire and bilge or ballast 
pumps, acting singly or in unison. 

The function of the ballast system is to either fill or empty 

the peak tanks or double bottoms which are used for ballasting. 
These compartments may also be filled to a certain height by 
‘gravity from two sea valves, a 6-inch valve in the engine 
room and a 7-inch valve in the fireroom. Either the fire and 
Lilge or ballast pump or both pumps can also be used on this 
system, as the bilge and ballast systems are cross-connected in 
the engine room. 

The bilge system has a 4-inch main leading aft from the 
pump in the engine room and a 6-inch main leading forward; 
in the fireroom this main branches and leads to two manifolds, 
one on each side of the forward fireroom bulkhead ; from these 
manifolds 83-inch suction lines lead to both sides of the coal 
cargo holds. In the after end of the fireroom another branch 
is taken off the 6-inch main, and this leads to a manifold on the 














U. S. FLEET COLLIER JUPITER. 539 


after bulkhead of the fireroom ; from this manifold two 3-inch 
pipes lead off to starboard and port to bilge wells in the after 
end of the fireroom. The 4-inch main in the engine room 
leads to a manifold on the after engine-room bulkhead. From 
this manifold 3-inch suctions leadeoff to starboard and port 
to bilge wells in the after end of the engine room. From this 
4-inch main is also taken a 4-inch branch which leads to a 
manifold near the pump; from this manifold one 3-inch pipe 
leads down to a bilge well near the manifold; another 3-inch 
pipe leads across to the port side of the engine room to a bilge 
well; there are two 2-inch lines, with valves, tapped into this, 
which lead to the two motor pits. 

The ballast system has a 6-inch sea suction connected to 
the manifold in the engine room near the pump; this manifold 
has a longitudinal wall separating it into two parts, one for 
filling and the other for discharging; it also has a valve con- 
necting the two so that water can be pumped into the tanks 
as well as flowing into them by gravity. From this manifold, 
two 4-inch suction or filling lines lead to the two after peak 
tanks; also a 4-inch line leads to the fresh water manifold on 
the port side of the engine room; also a 7-inch line leads for- 
ward into the fireroom to two manifolds, one on each side of 
the forward fireroom bulkhead; from these manifolds 3-inch 
suction lines lead to double bottoms 6 to 11, inclusive. This 
?-inch main also connects to a manifold in the middle of the 
forward fireroom bulkhead; from this center manifold there 
leads a connection to a 7-inch sea suction on the port side of the 
fireroom; also 4-inch suction or filling lines lead from it to the 
forward-peak tank and double bottoms 5 to 11, inclusive. 

The valves in all these manifolds are of the plug type. The 
bilge wells are galvanized-iron castings. The piping is gal- 
vanized wrought iron, excepting sharp bends, which are of No. 
12 3.W.G. copper, and the bilge-suction tail pipes, which are 
of lead, % inch thick. The sea chests are cast iron. Pipes 
passing through bulkheads are fitted with galvanized cast-iron 
stuffing boxes with’ brass glands. 
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The topside ballast tanks are filled from the fire main and 


empty by gravity through 4-inch drain valves operated on the 
upper deck. 


ANCHOR ENGINE AND ANCHORS. 
* 


The anchor engine was built at the Mare Island Navy Yard 
and is of the spur-geared type fitted with two wildcats to han- 
dle 2-11/16-inch chain and having two gypsy heads. The 
windlass is driven by two direct-connected horizontal 12-inch 
X 16-inch engines bolted directly to the bitts and provided with 
a reversing valve of the piston type. 

There are two patent bower anchors weighing 10,150 and 
10,180 pounds, respectively, one patent bower anchor weigh- 
ing 8,500 pounds, one patent stream anchor weighing 3,220 
pounds, one patent kedge anchor weighing 1,505 pounds and 
two small sea drags. 


STEERING GEAR. 


The steering engine was manufactured by the Hyde Wind- 
lass Co. It is located on the upper deck aft, and can be 
operated by a wheel from the flying bridge, lower bridge or 
after bridge. It can also be operated by hand wheels at the 
engine. The engine is twin cylinder 10 inches X< 8 inches. 
The area of the rudder is 208.6 square feet. 


BOATS AND CAPSTAN WINCH. 


The ship has one 33-foot motor sailing launch fitted with a 
two-cylinder, two-cycle, Norfolk Navy Yard. gas engine; one 
21-foot motor dory fitted with a Loew, single-cylinder, four- 
cycle gas engine; two 28-foot whaleboats; one 20-foot work 
boat ; two life rafts. The whaleboats and motor sailing launch 
hoist on davits of the tipping type and the dory and work 
boat on davits of the swinging type; all boats stow on a level 
with the superstructure deck and are hoisted-by a capstan winch 
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on the after end of the poop. This winch was supplied by the 
Hyde Windlass Co., is twin cylinder, 8 inches 8 inches, and 
is reversible. 


EVAPORATING AND DISTILLING PLANT. AND. FRESH-WATER 
SYSTEM. 


This plant is situated on a platform on the port side of the 
after end of the engine room. It consists of two Reilly multi- 
coil evaporators having a capacity of 26 tons per day, and two 
Reilly multi-coil distillers rated at 3,000 gallons per day, and 
the following pumps: 

1 Vertical duplex Blake evaporator feed pump, 44-inch X 
234-inch X 4-inch. 

i Vertical duplex Blake distiller circulating pump, 54-inch 
< 5-inch & 5-inch. 

1 Horizontal duplex Blake fresh-water pump, 2-inch X 1%4- 
inch X 234-inch. 

1 Vertical duplex Blake fresh-water sanitary pump, 414-inch 
X 33-inch X 4-inch. 


There is a 24-inch filling line with a 2%4-inch hose con- 
nection on either side of the ship aft; these connect together 
and run down into the engine room to the fresh-water mani- 
fold on the port side of the forward end of the engine room; 
from this manifold, 214-inch galvanized wrought-iron pipes 
run to the four reserve feed tanks; the bottom-blow line from 
the boilers also connects to this manifold; there is also a con- 
nection from the main feed tank to this manifold; the auxiliary 
feed pump takes its suction from this manifold. 

The filling line also has branches leading to the az s 
fresh-water tanks in the ice-machine room. 


ELECTRIC PLANT. 


There are three 3,600-r.p.m., 125-volt, two-pole, 35-kw. 
generators supplied by the General Electric Co. They are 
situated on a platform in the starboard after end of the engine 
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room. They supply current for lighting and power and also 
for exciting the field of the main generator, but can not be 
used for both purposes at the same time; the main and field 
switches on the lighting board are double throw. 

The lighting switchboard is on the same platform as the 
generators and consists of three generator panels and one light- 
ing panel. 

There is a 24-inch searchlight on the foremast just above 
the crow’s nest. 

The radio plant consists of a 5-kw., 500-cycle, Fessenden 
set, manufactured by the National Electric Signaling Co. 

There is an experimental radio set on board temporarily 
installed for experimental purposes. It was supplied by the 
Federal Telegraph Co. and is a 12-kw. Poulsen set. 

There is an ardois signaling set on the foremast with a tele- 
photus on the flying bridge. 

There is a 6-H.P. 125-volt, series motor with starting panel, 
controller, and resistances for operating the jacking gear. The 
motor runs about 600 r.p.m. and is geared down so that the 
propeller shafts will turn once every twelve minutes. The 
jacking gear consists of a worm wheel on each propeller shaft, 
gearing into a worm on a vertical shaft; these two vertical 
shafts are cross-connected by bevel gears and a countershaft ; 
the countershaft has a pinion which is connected by a chain 
Crive to the jacking motor. 


AUXILIARY CONDENSER. 


The auxiliary’ condenser was supplied by the Blake Pump 
Co. ; it has 1,200 square feet of cooling surface and an auxili- 
ary air and circulating pump 12-inch & 14-inch & 14-inch X 
12-inch. The condenser is 9 feet 514 inches long and 2 feet 
7 inches in diameter. The auxiliary air and circulating pump 


returns the condensed water to either main or donkey feed 
tanks. 
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MAIN-ENGINE AUXILIARIES. 


There are two centrifugal main circulating pumps which 
were manufactured by the Mare Island Navy Yard. They 
have a 42-inch runner, width at tip 3% inches, diameter of 
inlet 14 inches, outlet 14 inches.. They are driven by vertical 
single-cylinder engines 10 inches X 8 inches. The capacity at 
280 r.p.m. is 8,000 gallons per minute for each pump. 

There are two main dry-air pumps manufactured by the 
Alberger Pump & Condenser Co. They are vertical engines 
with single steam and air cylinders, steam cylinders 10 inches X 
14 inches and air cylinders 24 inches X 14 inches. The suc- 
tion valve on the air cylinder is a flat slide valve, and the dis- 
charge valves are spring-loaded valves. 

There are two main wet-air pumps supplied by the Alberger 
Pump & Condenser Co. These are volute pumps, driven by a 
one-wheel impulse turbine, running about 3,000 r.p.m. They 
will pump against a 25-foot head of water, so it was possible 
to let them discharge directly into the measuring tanks, which 
are above the feed tank, and drain into the latter by gravity. 

The main condenser was manufactured at the Mare Island 
Navy Yard in accordance with drawings prepated by the 
Alberger Pump & Condenser Co. It is 7 feet 2 inches diam- 
eter, and 10 feet 6 inches long. It contains 5,652 tubes, 54-inch 
outside diameter, which give 10,000 square feet of cooling 
surface. The condenser lies in an athwartship position, and the 
exhaust trunk from the turbine comes in on the forward side 
of the condenser; this trunk is 8 feet 8 inches K 3 feet 9 
inches and of rectangular cross-section at the condenser end; 
it is oval in shape atthe bottom, being composed of a rectangle 
and two semi-circles, the rectangular part being 4 feet 2 inches 
X 86 inches and the semi-circles being 36 inches in diameter. 
The circulating water enters at the top and leaves at the bot- 
tom of the starboard end of the condenser. The tubes are 
expanded in the port end and packed in the starboard end of 
the condenser. 
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The feed heater is on the port side of the forward engine- 
room bulkhead, over the feed pumps; it is a Reilly multi-coil 
heater, capable of handling feed water for 7,200 I.H.P. It 
is arranged with cut-out valves so that it may be by-passed 
when so desired. The heating agent is auxiliary exhaust 
steam, and this’ line is so arranged as to give the following . 
different combinations : 


(1) All auxiliaries can be run into the heater and the drain 
run into the auxiliary condenser, 

(2) The exciters can be run into the main condenser and all 
other auxiliaries into the heater and the drain from 
that into-the auxiliary condenser. 

(3) The exciters can be run into the main condenser and all 
other auxiliaries into the heater and the drain from 
that into the main condenser. 

(4) Ali auxiliaries can be run into the auxiliary condenser. 

(5) All auxiliaries can be run into the main condenser. 


There are two forced-draft Sturtevant fans, 7 feet in diame- 
ter, driven by twin-cylinder engines 6 inches X 5 inches. They 
are situated in the blower room directly over the donkey 
boiler, and have suctions from the fireroom and also from 
the ventilating ducts of the main generator and motors. The 
capacity is 30,000 cubic feet of air per minute delivered 
against a head of 3 inches of water pressure at speed of 350 
r.p.m. These blowers deliver to the ash pits and furnaces of 
the main boilers, the air first passing around vertical tubes in 
the smoke boxes. 

There is a 6-inch X 4-inch 6-inch horizontal, duplex 
Deane pump secured to the port side of the main turbine 
foundation. This is used for supplying oil. under pressure 
to the turbine bearings and also to the cylinder of the governor 
relay when starting up the turbine. 

There is a 3-inch X 22-inch X 3-inch horizontal duplex 
Worthington pump on the starboard side of the main turbine 
and about 22 inches below it, which takes the water from the 
drains of the turbine casing. 
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STEAM AND EXHAUST LINES. 


All high-pressure steam pipe of 2-inch, 214-inch, 3-inch and 
34-inch diameter is seamless-drawn copper, with brazed 
flanges. All high-pressure steam pipe from 314-inch to 6%4- 
inch diameter is seamless-drawn steel, rolled into wrought- 
steel flanges. All high-pressure steam pipe 74-inch diameter 
and over is seamless-drawn steel with cast-steel flanges riveted 
on. Steam lines to deck machinery are of lap-welded steel 
pipe; all over 614-inch diameter have cast-steel flanges riveted 
on; all 634-inch diameter and under are rolled into wrought- 
steel flanges. Branch steam pipes are extra heavy wrought- 
iron, iron-pipe size, with extra heavy malleable-iron, screwed 
fittings. 


The auxiliary exhaust lines over 10 inches in diameter are 


of lap-welded steel, iron-pipe size, with cast-steel flanges riveted 
on. The auxiliary exhaust lines 10 inches in diameter and 
under are of lap-welded steel, iron-pipe size, with cast-iron 
flanges screwed on. Branch exhaust pipes 114 inches in diam- 
eter and under are wrought-iron,’ with malleable-iron screwed 
fittings. Branch exhaust pipes 2 inches in diameter and over 
are of copper with brazed flanges. The exhaust from the 
deck machinery is lap-welded steel pipe, iron-pipe size, with 
cast-iron screwed flanges. 

An expansion joint is fitted on each of the two 10-inch 
branches of the main steam line in the fireroom. Two ex- 
pansion joints are fitted on the steam line to the deck machinery 
and also two on the exhaust line from the same. 

The risers from the boilers are 7 inches in diameter, and 
these connect io two 10-inch lines, which run to the forward 
engine-room bulkhead and there unite; an 8-inch line runs 
from there to the turbine. aN 

The auxiliary steam line in the engine room runs all the way 
around the engine room and cross-connects to the main steam 
line on both sides at the forward engine-room bulkhead; it is 
6 inches in diameter. 
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FEED LINES. 


The main and auxiliary feed lines are seamless-drawn cop- 
per, with brazed flanges; the main lines are 5 inches in diam- 
eter, reducing to 3 inches diameter at the boilers. The two 
lines are entirely independent. The auxiliary line can be used 
for feeding the donkey as well as the main boilers. The sur- 
face and bottom-blow pipes are 2% inches in diameter, con- 
necting to a 314-inch overboard discharge, and are of the same 
material as the feed line. This 3%4-inch line connects to the 
donkey-boiler feed pump and to the auxiliary feed pump 
through the fresh-water manifold, so that the water in a main 
boiler can be circulated by taking a suction through the bot- 
tom blow and discharging back through the auxiliary feed line. 

The main and auxiliary feed pumps are 12-inch X 8%-inch 
> 12-inch vertical, duplex, Blake pumps with metal valves. 
The main feed pump takes its suction directly from the main 
feed tank and the auxiliary feed pump takes its suction from 
the fresh-water manifold, which has a suction to the main feed 
tank. 

The donkey-boiler feed pump is a vertical, simplex, Blake 
pump, 6-inch X 3'%4-inch X 8-inch. It has suctions from the 
donkey-boiler feed tank in the fireroom and from the bottom 
blow line, so that it can be used either for feeding the donkey 
boiler or for circulating water in the main boilers. 


BOILERS. 


There are three double-ended, return-tubular, marine type, 
Scotch boilers, and one upright donkey boiler. The main 
boilers have the following dimensions: 


Length over all, feet and inches................. cece ceeeees 23-0034 
Diameter, feet and inches...............000 cee cece cccceccuwes 16-03 
Number of furnaces per boiler..............6 ccc eeecee eevee 8 
Diameter of furnaces (inside), inches...............ceeee00- 40 
Length of grates, feet and inches..................ccceceeeees 507% 
Grate surface per boiler (in square feet).................... 150 
Heating surface per boiler (in square feet)......0......0.0-- 6,460 
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These boilers are designed for a working pressure of 190 
pounds per square inch, but the safety valves are to be set for 
200 pounds per square inch for the trials. Howden’s forced- 
draft system is used. There are three louvres to each furnace; 
escaping gases pass through the vertical tubes in the smoke 
box and the incoming air from the blowers passes around 
these tubes, having been previously heated by the generators 
and motors. 

Donkey boiler has the following dimensions: 


Height above fotindation, feet and inches................ Ee Pena 12-05 
Diameter, feet and inches............. cc cee cece eee eeceeeees 7-02 
Grate surface in square feet.......... 0... ccc cece cece eee eeeees 33.183 
Heating surface in square feet............ccccc cece eceesoeuees 1160.37 
Ratia..of G.8. to FS 035 Aiea okie soa ate otha iteees VA onto shia wees 1:34.24 


This boiler has a separate feed tank, feed pump and an 
injector. 

The boilers are covered down to the saddles with 114-inch 
block magnesia, plaster and galvanized iron. 

There are two smoke stacks, one on each side of the ship; 
boilers Nos. 1 and 2 deliver into the starboard stack; boilers 
Nos. 2 and 3 and the donkey boiler deliver into the port stack; 
there is a damper for shutting off the donkey boiler- uptake 
when it is not in use. The stacks are 9 feet X 5 feet 6 inches 
in diameter, with 3-inch air space, and are 98 feet 6 inches 
above the center line of the middle furnaces. The whistle is 
on the starboard stack and the siren on the port. Both stacks 
are fitted with ladders. 

There are two ash hoists in the fireroom—one in the star- 
board after end of the fireroom, the other in the port forward 
end. They lead up to a level with the besth deck where there 
are access doors to platforms which have overhead trolleys run- 
ning out to ash chutes at the side of the ship. The hoisting 
engines are steam rams, 5 inches X 10 feet 3 inches. 
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PROPELLERS. 


There are two solid, manganese-bronze propellers. They 
have a taper fit on the tail shaft and are keyed and held in place 
by a bronze nut. They have the following dimensions: 


Dementor, Tees aid nee 2 I ae 15-11; 
Pitch; feetrand: inches.[302 i685. ek Pua | SUN Qe ilbwes 14-057; 
Expanded area, square feet...........ccccccceccccccceccsccees 70.5 
Projected area, square feet...........ccccccececccececececes 60.53 
Dine hen, Square TERS. S55. 5 eee ic woe ca cece e bese ene 198.97 
Weight, one propeller, pounds..............ccceccceccceceees 13,900 


SHAFTING, BEARINGS, ETC. 


All shafting is of forged steel and solid except the forward 
section on each shaft, which has a 31-inch hole for torsion 
meters. 

There is a-Gary-Cummings torsion meter fitted on each 
intermediate shaft. For description of this instrument, see 
Volume XXIV, of the JouRNAL oF AMERICAN SOCIETY OF 
NAVAL ENGINEERS. 1 

The shafts are inclined down at an angle of 0 degrees 56 
minutes—56.5 seconds, or .198198 inch per foot, and they 
diverge from centerline of the ship at an angle of 1 degree 
9 mintftes 40.5 seconds, or .24324 inch per foot. 
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Shaft Data: 
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Intermediate shaft, diameter, inches.................ccceceecceee 14% 
length, feet and inches..........5........000% 10-113 
Thrust shaft, diameter, inches............... wu gaicsbee aati se fos 143% 

: length, feet and inches..........05csccceececeeaeees 16-03 
' Py Stern-tube shaft, diameter, inches .............2ececegeceeecceeee 15% 
3 length, feet and inches.............0...eeeeeees 28-0314 
Propeller shaft, diameter, inches............c0cccceeecsceeceeues 153% 
length; feet and inches. ............ccceeeeseeues 33-0214 


All flange couplings are secured by taper-fitted forged-steel 
bolts. 


The propeller shaft is covered through the stern-tube bear- 
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ings with composition sleeves 7 inch thick; the sleeves are 
shrunk on with joints between sections soldered. 


Bearing Data. 


Thrust bearings, number..........0ch.cecceeceweesweeees wy 2 
lengthy, IMORO8 . os coos ie pc be beds co coe nbn 12% 
Collars on thrust shaft, number............... ec cece ceeees 9 
thickness, inches... 0.0.0.....00.5 02% 
space between, inches,............ 04% 
outside. diameter, inches.......:... 24 
inside diameter, inches............ 14% 
bearing surface, square inches..... 2,533 .68 
Thrust shoes, number......... 0000s eccc ecu ccc ceeceuees oF 9 
effective thrust surface, square inches: ...... 1,730 .07 
Stern-tube bearings, number.............ccseeceeeeceeeees 2 
length forward bearings, feet and 
WWQDES” ech cs ee ee sere tose re cate 2-05 
length after bearings, feet and inches. . 4-054 
bearing surface........6...cce eee ween Lignum vitae. 
Strut bearing, mumber............cccccccccccccecceccceees 1 
length, feet and inches....................- 40514 
bearing’ surfaces... 3 eke UR Lignum vitae. 


The thrust block is of cast iron fitted with an oil trough. 
The block rests on a heavy cast-iron ‘sole plate with a long 
base well secured to the structure of the ship. 


MAIN ENGINES. 


The installation of motors and generators on board ship for 
propelling purposes is an attempt to make use of the good effi- 
ciencies of high-speed turbines without sacrificing the efficiency 
of low-speed propellers. The weight of such installation is less 
(as will be seen from figures given later on) and the space is 
less also than any of the present installations of either turbines 
or reciprocating engines. 

As compared with other methods of speed reduction, such 
as gears, etc., it has the advantages (1st) that the ratio of 
reduction can be varied (that is, by winding the motors for 
different numbers of poles, the ratio of motor and generator 
can be varied), (2d) that at low powers only part of the 
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plant need be used (that is, if two generators are installed, 
only one need be used at a time), and (8d) that there is no 
need for a backing turbine, which is usually ineffic%nt and 

*gives very little torque. It will be seen that these advantages 
are much more marked in a ship using wide ranges of speed 
and power, such as a battleship, than in a ship running always 
at nearly the same speed, such as a collier; however, for the 
latter class if the method of propulsion proves a success, it 
is very probable that electrically-driven winches will take the 
place of the present steam-driven winches. The present claims 
of the contractors for the machinery of the Jupiter are that it 
is lighter, takes up less space, and is more efficient than any 
other form of ship propulsion. Of the first two claims there 
is little doubt, but the matter of efficiency has yet to be proved 
on trial, as has also the more important one of practicability ; 
neither of these points can be proved except by a long period 
of trial in service. 

The installation on the Jupiter consists of one Curtis turbo- 
generator, two induction motors, two water-cooled rheostats, 
and one main switchboard; the excitation for the main gener- 
ator is taken from one of the ship’s 35-kw. generators. 

The turbo-generator furnishes power to the motors, the 
function of the generator and motors being solely that of a 
reduction gear. All changes of speed are made by changing 
the speed of the turbine, thus varying the frequency of the 
generator and consequently the speed of the motors. The 
generator is two-pole and the motors are thirty-six-pole. The 
speed-reduction ratio is therefore practically one to eighteen; 
the slip of the motors will vary a little for different loads and 
alter the ratio a slight amount. The motors are wound for 
only one number of poles and therefore the speed ratio is not 
changeable as it would be for a battleship installation; the 
reason for this is that such change is not necessary, as the 
cruising speed of the ship is practically her maximum speed. 

The following general data will show the character of the 
machinery : 
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ARRANGEMENT OF MACHINERY, COLLIER “JUPITER.’? ELECTRIC DRIVE. 
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Turbo-generator : 
Weight of bed plate, tons...............06 psarageassdeecys butedies seaconadese 16.3 
Length of bed plate, feet and inches.......... Blamkagssbebes ssaded 25-024 
over all, feet and inches........ Pinch scabecshcocseetehavsacienaeees 27-073 
Height, extreme, feet and inches.........ccccccossssccesccses secevees sevsee 9-054 
Number of bearings.......00.....0s00005 socsesesceeseeees basebbshevexatteatenae 3 
Turbine bearing, diameter, inches.....................008 st ess ye Og 08 
is length, inches........ bs boees steibaeeabacth cae Messe: ak 
Middle bearing, diameter, inches... ..........sssseeccossceescceses sesees 14 
length, inches.............ccsscccssccasseoessscceee ligissense 30 
Generator bearing, diameter, inches...............00+ pene rere haetin ces 10 
length, inches..............sssesecees soscppaacanensshs . 20 
Turbine : 
Weight, in tons............ccccceceseerees WaRivhangeesess detisnckicscaveans Sacneene 28.7. 
Raa ocr ocatigases Sisnnh siceweopy poo ccdndvabegeriecdcewcccdcchspessdeses wadecess eee eee 1,990 
Number of stages.........cscscecesssseseseee Rison asd Shion nine sig dh cpa cip asia sx 9 
rows of moving blades (two rows in first stage)....... 10 
fixed blades (first stage).............s0ssssseseeeee I 
Blade Data. 
Length Thickness Width Thickness Material 
Stage. fe) of of of of 
blade. blade. blade. base. blade. 
inches. inch. inches. inch. 
I 1} hE og¢§ 13 Monel metal. 
ee 2} a 033 gh Monel metal. 
2 14 vs I Ty Phosphor bronze. 
3 If fs I rs Phosphor bronze. 
4 24 vs I ts Phosphor bronze. 
5 3t vs I Pr Phosphor bronze. 
6 5 + I a Phosphor bronze. 
i 7 6% ¢ I t Morel metal. 
i 8 84 t I #1 Monel metal. 
} 9 114 * 12, ts Monel metal. 
1 Wheel Data. 
: Stage. Diameter. Width ofhub. Width of tip. Bes a eatle. 
Ht inches. inches. inches. inch. 
: I 62+ (aft) 5 3-519 Fey 
|| 614 (for’d) 
i 2 623 433 1.5 ay 
3 614 433 1.5 vr 
; 4 618 ait 1.5 * 
d 5 608 43 1.5 3a 
4 6 584 434 1.75 sy 
j 7 56% 5H 2.125 as 
8 54% 534 2.375 vr 
: 9 524 58 3-25 a 
i 
‘ 


ee 
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Clearances : inca. 
Between nozzles and first moving blades, first stage.........c00..scseseeees .080 
first moving blades, first stage, and fixed blades................. .080 

fixed blades and second moving blades, first stage.............. .080 

nozzles and moving blades, second stage.......c.ccsessscsssseeees »120 

third stage...........cceessscccsese eves -120 

fourth stage................sssses cesses .140 

fifth stage.............. bédde Geeabeatice -140 

Sixth stage.......seccccee secccesssccees -160 

seventh stage...........00.sececesenees .160 

Cighth stage.........cssssccssccesseeves .180 

Ninth stage........c0...ccessesseseeeees 180 


The turbine wheels are made of forged steel and are pressed 
onto the turbine shaft, the diameter of which decreases slightly 
in steps from the low-pressure end down to the high-pressure 
end. There is a brass bushing between the shaft and wheel 
which prevents the two from rusting together. 

The turbine shaft is solid forged steel. 

The casing of the turbine is cast iron; the intermediate dia- 
phragms are also of cast iron. The nozzles are of iron and 
are cast into the intermediate diaphragms. The expanding 
nozzles on the high-pressure end are bronze and are renewable 
in sections. : 

The packing rings on the intermediate diaphragms between 
stages are aluminum rings in two halves with very fine edges 
on the inside which form a labyrinth packing; the edges of 
this ring practically touch the shaft and wear their own 
clearances. The packing around the shaft at each end of the’ 
casing consists of carbon rings held together by garter springs 
which rest in grooves on the circumference of the rings. The 
rings are prevented from turning with the shaft by a stop 
secured to the garter springs. The carbon rings are supported 
by flat springs which keep them flexibly centered with the 
shaft. There are four rings on the high-pressure and two 
rings on the low-pressure ends. In addition to the carbon 
packing each end of the casing is also packed with a steam seal. 

The blades in the first stage are made of monel metal which 
resists the erosive effect of the very hot, fast-moving steam; 
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the blades in the seventh, eighth and ninth stages are also made 
of monel metal to resist the corrosive effect of any water that 
might collect in those stages; the blades in the second, third, 
jourth, fifth and sixth stages are made of bronze. 

The bearings are of the spherical, self-aligning type and 
both upper and lower halves are water-cooled, the water pass- 
ing through coils embedded in the babbitt. Water for this 
purpose is furnished by the main circulating pumps or the 
salt-water sanitary pump. Oil is supplied, under pressure, to 
the bearings and also to the cylinder of the governor relay by 
a cycloidal-gear pump situated on the lower end of the governor 
shaft. The oil reservoir is in the bed plate of the turbine and 
is fitted with air vents and an indicator. Oil passes through a 
large strainer before going to the pump; after leaving the 
pump it goes through an oil cooler which gets its cooling 
water from the same water ‘service that the bearings do; 
from the cooler the oil goes through a fine-mesh strainer, then 
through a reducing valve (set at 25 pounds pressure per square 
inch) to the bearings, and returns by gravity to the reservoir ; 
the oil for the cylinder of the governor relay does not go 
through the reducing valve but goes direct to the cylinder and 
is maintained at 75 pownds pressure by relief valves which 
discharge into the reservoir. 

The governor is mounted on a vertical shaft driven by a 
gear from the main shaft. It consists of weights resting on 
‘knife edges and acting by centrifugal force against a coiled 
spring; the motion of the weights operates a small pilot valve 
which admits oil, under pressure, to the cylinder of the relay 
which operates a rack, gearing with a pinion on the cam shaft; 
the position of this shaft determines the number of control 
valves that are open. At the end of the governor arm which 
operates the pilot valve is connected up a diamond-shaped 
frame or parallel-motion transmitter which is connected by a 
system of rods and bell-crank levers to the operating stand in 
front of the switchboard. The motion of a small wheel on this 
stand alters the fulcrum about which the governor acts on the 
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FIG. 2.—FORE-AND-AFT TROLLEY. 
FIG. 3.—OPERATING PLATFORM. 
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FIG. 6.—MAIN MOTOR, FORWARD END. 











FIG. 7.—MAIN Motors, AFTER ENDS. 
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FIG. 11.—WaTER-CooLED RHEOSTAT 




















FIG. 12.—DRyY-VacuUM Pumps. 














FIG. 14.—-FIREROOM. 
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- 16.—EXCITER-SWITCH BOARD. 
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ARMATURE For U. S. S. ‘‘JUPITER.”’ 

















REVOLVING FIELD For U. S. S. ‘‘JUPITER.”’’ 
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pilot valve and consequently alters the speed which the governor 
will maintain. 

Steam is admitted to the nozzles through eight control 
valves. The number open at any time is regulated by the 
governor, as already explained. These valves are of the globe 
type, and are free on their stems to allow them to easily seat. 
The stem extends through a stuffing box and is secured to 
the lower guide plate of the spring which is compressed by an 
adjusting screw sufficiently to force the stem through the 
stuffing box and seat the valve. The valve is raised by a lever 
which has a roller on one end which rides on a cam on the cam 
shaft. 

The thrust bearing consists of a collar on the turbine shaft 
which works between blocks of cast iron with babbitted faces, 
supported on the ends of lugs projecting from two discs, one 
at either end of the bearing. The hole in the block into which 
the lug projects has a spherical base, thus allowing the blocks 
to align themselves automatically.. The whole bearing assem- 
bles in one piece on the shaft and, on its outside surface, has 
a screw thread which rests in a large nut. On the after end 
of the thrust block is a worm wheel engaging with a worm, the 
shaft of which projects through the bearing and has a hand 
wheel on the end of it. By moving this hand wheel the whole 
thrust bearing will be moved forward or aft in the large nut 
and thus change all the clearances on the inside of the turbine. 
‘The float in the thrust is set at 017 inch, but can be altered by 
changing the shims under the after disc. 

The throttle valve is a Schutte-Koerting balanced-piston 
valve with quick-closing attachment, which can be tripped, 
either by hand or by a trigger on the shaft which flies out when 
the turbine speed rises above 2,300 r.p.m. The hand trip is also 
connected by a wire to a hand pull at the operating position at 
the switchboard. 

Steam for the steam seals is supplied from the main steam 


line through a reducing valve set at 25 pounds pressure per 
square inch. 
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There is an auxiliary gage board on the after engine-room 
bulkhead near the turbine. It has on its face a steam gage, 
vacuum gage and first-stage pressure gage. This board is for 
use when starting up the turbine. There is an absolute- 
vacuum gage connected to the base of the exhaust trunk of the 
turbine and secured to a stanchion near the turbine. 


Generator. 


Weight, in tons 
Number of poles 
Normal volts 
Normal ampéres 
Normal frequency 
Normal excitation, in ampéres 
Ripe Uy ais ea a Ss NS PR OS PI ane 1,990 
Rated capacity, in kilowatts 
Type 
Rotor (solid steel), diameter, inches 
Rotor core length, inches 
Number of slots in rotor 36 
Width of rotor slot, inch ; 33 
Depth of rotor slot, inches 04% 
Air gap, inches 01+; 
72 
00.7 
Depth of stator slot, inches 03% 
Number of ducts (14 inch wide) in stator 25 
Effective length of stator, inches 45.2 
Armature connection 
Number. of bars per slot 2 
Size of bars....45-inch  1-inch pressed cable at top of slot and 4 (.225- 
inch & .5-inch) bar at bottom of slot. 
Resistance of armature winding per phase at 85 degrees C., in 
ohms 
Field winding consists of nine coils of 15 turns each of -625-inch 
X .2-inch copper strip. 
Resistance of field winding, at 85 degrees C., in ohms 


The generator is totally enclosed, and the rotor has fans on 
each end which t&ke air in at the bottom of the casing and 
blow it out through the windings, discharging into a duct on 
top of the generator casing; this duct leads to the suction to 
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the forced-draft blowers, so that the heat generated by losses 
in the iron and copper in the generator is thus passed on to 
the furnaces of the main boilers. The fans use about 35 kw. 
at full speed. 

The exciting current for the revolving field is supplied to 
slip rings on the shaft by one of the ship’s 35-kw. lighting units. 

The three power leads from the generator lead forward under - 
the floor plates, being insulated from the ship by porcelain 
insulators. One lead goes direct to the two motors and’ the 
other two leads to bus bars on the main switchboard. 


Motors. 


Weight (two), tons 
Kamae ti tsk. ick des ein Go cdabceete BEDE.. tah a iia. 2 ndickom 
(Definite wound) M. 


Diameter of bearings, inches 
Length of bearings, inches 
Number of poles 


Sted CAMACIES TN EGE iy so ok cece < o's Goin. > Sie pea gd on sien eo eenau ies 2,750 
R.p.m. normal 110 
Stator winding (rectangular wire) Y-12 Circuit, 
Rotor winding (bars) Y-4 Circuit. 
Outside diameter of stator, inches 

rotor, inches 
Inside diameter of rotor, inches 
Air gap, inch 
Length of punchings between aeade. inches 
Number of ducts (14-inch) in stator 


slots in rotor 
stator 


The motor bearings are of the spherical, self-aligning type 
and are self-oiling, being oiled by rings running in reservoirs 
in the lower halves of the bearings. . 

The frames of the motors are of cast steel and are covered 
by sheet-metal housings which confine and carry away the 
heated air and deliver it to the suction of the blowers. 
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Each motor is installed in a watertight pit which can not 
easily be filled with water from below. However, the motors 
are situated under the engine-room hatches, so that water from 
that source would go into the pits, and for this reason the wind- 
ings are all made waterproof and are intended to give safe 
running when partially submerged. 

The rotor windings are connected to collector rings which 
are in turn connected to the water-cooled rheostats. These col- 
lector rings can be short-circuited by a slider operated by a 
lever and working on the motor shaft. The short-circuiting 
device consists of a brass segment under each ring and a 
corresponding segment on the slider ; the segments on the slider 
are made up of thin brass strips interleaved to form a spring, 
which will have to be compressed to slip under thé solid seg- 
ments. In addition to these devices, there is an auxiliary 
device working with each main device. This consists of a car- 
bon block on the solid segment and a brass contact on the 
slider ; the tips of the brass contacts are renewable; these con- 
tacts are held in place by flat springs on their backs and will 
thus be forced into contact before the main contacts are and 
will leave the carbon blocks after the main contacts have let 
go; the purpose of these auxiliary contacts is to prevent the 
main contacts from being burned when opening or closing the 
circuit. 

There are two water-cooled rheostats, one for each motor. 
The two weigh 5.8 tons. Each one consists of a top header, 
bottom header, three large porcelain cylinders, three small 
porcelain cylinders, and three non-inductive resistances. These 
resistances are made of calorite, and consist of spiral coils 
laid up on a wooden spindle and having alternate coils con- 
nected oppositely from the others so as to make the resistance 
non-inductive. The large porcelain cylinders rest on rubber 
gaskets on the bottom header; the resistances go inside these 
cylinders; a rubber gasket and a brass ring go on top of each 
large cylinder and the small cylinder sits on top of this; the 
top header rests on rubber gaskets on the tops of the small 
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cylinders. The rheostats have water entering at the outboard 
end of the bottom header, passing through the cylinders, and 
going overboard from the outboard end of the top header; 
this water is furnished by the main circulating pumps or the 
sanitary pump. The object of these resistances is to give the 
motors high torque when backing or when starting from rest 
and also to keep the current in the circuit. within bounds at 
these times. From an inspection of the speed-torque curve of 
an induction motor it will be seen that when starting up, or 
backing the torque is very low, and as the speed increases the 
torque rises to a maximum and then drops. to..zero at syn- 
chronous. speed. This maximum torque will always be the 
same for any given motor, no matter how much resistance is 
introduced into the rotor, but the speed at which it occurs will 
vary with the resistance. 
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The main switchboard weighs 3.2 tons with all its switches 
and instruments. It has “Ahead” and “Astern” oil switches 
for each motor, an ammeter for each motor, an integrating 
wattmeter for each motor, a voltmeter for the generator, an 
indicating wattmeter for the generator, a voltmeter for the 
exciter, an ammeter for the field circuit of the generator, a 
rheostat for the field circuit of the exciter, a switch for the 
field of the exciter and a switch for the field of the generator. 
On the gage board just above the switchboard, there are a 
frequency meter graduated in revolutions of both generator and 
motors, an auxiliary steam gage, an oil-pressure gage, a first- 
stage pressure gage, an auxiliary vacuum gage, and a clock. 
On the board secured to the starboard side of the switchboard 
are main steam and vacuum gages, a Smith-Cummings counter 
and a Gary-Cummings counter. The control stand for the 
turbine faces the main switchboard and consists of a small hand 
wheel working around a dial and operating a vertical shaft 
which has a worm on its lower end; this worm engages in a 
segment of a worm wheel and the movement of the latter is 
transmitted by rods and bell-crank levers, to the governor gear. 

The operating levers and switches on the board are inter- 
locked as follows: 

The short-circuiting levers are locked electrically by sole- 
noids which are in series with the field circuit of the generator 
so that these levers can not be moved while the generator has 
current in its field circuit; the “resistance out” ends of the 
levers have been filed so that they can be operated when cur- 
rent is on, but the locks will keep the levers held in this posi- 
tion strongly enough to prevent vibration from moving the 
levers; the short-circuiting levers and oil switches are locked 
mechanically so that the oil switches can not be closed when the 
rheostats are short-circuited; the two oil switches for each 
motor are mechanically interlocked so that. both switches can- 
not be closed at the same time (that is, the ahead and astern 
switches of a motor can not be closed at the time time). 

A summary of the different weights previously given shows 
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the total weight of the propelling machinery to be 166.5 tons. 
The Cyclops is a sister ship of the Jupiter and is equipped 
with recriprocating engines; the weight of her propelling ma- 
chinery is 260.8 tons. 

The operation of the machinery. will vary according to dif- 
ferent conditions. Starting with all auxiliaries in operation, 
the turbine running, and an exciter cut in on the field of a gen- 
erator, the operation under different conditions would be as 
follows : 

(1) Getting underway, coming to anchor, going alongsiue 
a ship, or, in general, handling the ship where much reversing 
might be expected. 

Under these circumstances, the resistances would be kept . 
in on both motors. This method would not give very high 
motor efficiency as the rheostats would cause considerable loss; 
also the highest speed attainable in this case would be about 
three-quarters of the maximum speed. The operation in this 

condition is very simple; to go ahead or astern on either motor, 
simply close the ahead or astern switch; this requires about 
one second for each motor. 

(2) When it is desired to do economical cruising: 

It will be necessary to cut the resistances out of the motors; 
both motors will, of course, be going ahead, as will also the 
ship; this operation is not performed in answer to a signal 
trom the bridge, but is merely a change of cruising conditions. 
To carry out this change first open the field switch of the ex- 
citer ; second, move the control wheel on the dial to very slow 
speed ; third, move both short-circuiting levers so as to short- 
circuit the rheostats; fourth, close the exciter field switch; 
fifth, bring the turbine up to the desired speed. The total 
time required for these operations is about twenty-five seconds ; 
about fifteen of these seconds are required to allow the field 
circuit to die out sufficiently to allow the short-circuiting levers 
to be moved. 

(8) After having accomplished operation (2), a signal is 
received to back either one or both engines, 
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First, open the exciter field switch; second, open the ahead 
oil switches; third, move the short-circuiting levers so as to 
put the resistances in both motors; fourth, close the astern oil 
switches; fifth, close the exciter field switch. The total time 
required for these operations is about ten seconds. The rea- 
son this operation does not require as much time as (2) is that 
it is not necessary to wait for the generator field circuit to 
die out before moving the short-circuiting levers. 

It will be noted that since the speed of both motors is 
directly dependent on the speed of the turbine, the speed of the 
two motors must always be the same unless one of them is 
entirely stopped. 

The above operations have all been tried out-on dock trials 
and the operation of the machinery was satisfactory. Alto- 
gether four dock trials have been held. 

In connection with the operation of the machinery there 
are several other conditions that might arise. The rheostats 
might become disabled, in which case the mechanical inter- 
lock between the short-circuiting levers and the oil switches 
would be disconnected, making it possible to move the oil 
switches with the rheostats cut out. The ship could then be 
maneuvered satisfactorily, but it would always be necessary 
to slow the turbine down to very slow speed before starting up 
or backing. 

Either motor might be disabled, in which case the ship could 
be propelled with one motor. 

In case of failure of the governor the speed could be 
readily controlled by the throttle itself. 

The trials of the ship, together with performance curves of 
the motors and generator and turbine, will be treated in a 
separate paper. 
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STRESSES IN MARINE-ENGINE SHAFTING. 


By ERNEST N. JANSON, MEMBER. 


Partial fracturing or total destruction by breakage of sec- 
tions of shafting in reciprocating-engine ships under circum- 
stances stich as would hardly account for the damage having 
been caused by calculable stresses, together with severe vibra- 
tion at certain speeds of revolutions, renders evidence of the 
existence of stresses other than those referred to as calculable 
stresses. These other stresses, being of an indefinite value 
and not readily determined, are not considered in the usual 
methods of figuring shafting. 

Stresses in shafting of marine engines may be classified as : 

(a) “Known” stresses, which are determinable by the 
ordinary laws of physics and, therefore, may be allowed for. 

(4) “ Unknown” stresses, which are not determinable from 
the ordinary engine forces but must be established by directly 
measuring torque by special torsion meters, such as would 
indicate the fiber displacement of the shaft continuously for 
one or more revolutions. 

In Part I is shown the determination of the “known” stresses 
caused by the calculable forces, as well as the plotting of curves 
of combined twisting moments on shafting of actual ships. 
No attempt has been made to establish values for the “ un- 
known” stresses, but in Part II simple references are made to 
such of the forces as to which the origin of the “ unknown” 
stresses may be ascribed. Critical speed of revolution is also 
discussed. 

Among the “known” stresses may be enumerated : 








564 STRESSES IN MARINE-ENGINE SHAFTING. 


(a) Stresses due to forces exerted by the pressure of the 
steam in the various engine cylinders. 

(4) Stresses due to inertia of moving parts of engine. 

(c) Stresses due to bending, influenced in the crank shaft 
by direct action of steam forces and in propeller shafting by 
weight of propeller and pitching of the ship. 

Among the “unknown” stresses are to be found the fol- 
lowing : 

(@) Torsional vibration stresses. 

(é) Stresses brought on by distortion in alignment of bearings 
either as a result of wear in the bearings or weakness of hull 
or in foundations. 

(/) Stresses resulting from defects in the material or run- 
ning afoul and reactions of propeller due to pitching. 

Stresses under (¢) and (/) are usually allowed for by employ- 
ing a “ safe” stress per square inch of section in the calculations 
used to determine dimensions. Torsional vibration stresses 
are not commonly allowed for either as an additional stress or 
by a reduction in the strain permissible per square inch of 
material. The additional stress brought on shafting by want 
of alignment is shown by John H. Macalpine in his paper on 
“* Crank Shafts” (JOURNAL OF AMERICAN SOCIETY OF NAVAL 
ENGINEERS, November, 1896). Thus, it is shown, where the 
bearing immediately forward of the after crank is only 0.001 
inch out of alignment, which means it offers diminished reac- 
tion to the forces subjecting the other bearing to stress, an 
increase of .3 of one per cent. in the strain occurs beyond what 
is due to ordinary forces. Augmented stress on the shaft- 
ing produced by any one cylinder separately due to steam and 
inertia forces exceeds that due to steam alone by from 12 per 
cent. to 30 per cent. The combined reaction on the crank 
shaft in producing maximum twisting moment is, however, 
not materially changed by inertia forces. 

In reciprocating-engine installations the crank shaft is 
subject to torsion as well as cross bending; thrust shaft. to 
torsion and compression (or tension); line shafting to torsion, 
compression (or tension) and bending due to weight of shaft ; 
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propeller shaft to torsion, compression (or tension) and bend- 
ing due to weight of propeller and the shaft itself and action 
of the water. 

In turbine installations similar conditions ensue with 
respect to line and propeller shafting. 


PART I.—KNOWN STRESSES. 


STEAM AND INERTIA FORCES. 


The twisting moment or turning effort on the shafting at 
any crank position is equal to corresponding cylinder force P 
multiplied by the distance between center of crank circle and 
the point where the connecting rod, or its extension, intersects 
a line drawn vertically to the center line of engine. Thus if 
AB, Figure 1, is the center line of the engine through the 
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cylinder and shaft centers, AC the position of the crank, BC 
the connecting rod, and AD a line at right angles to AB, 
then the twisting moment for crank position AC equals 
PX AD, where P is the cylinder force, or load on the piston. 

In Figures 2, 3, 4 and 5 are shown the effective steam forces 
acting in’ each of the four cylinders of the U. S. S. Louzszana 
when running at 79.3 r.p.%n. The effective steam pressures 
are taken from actual indicator cards and tabulated in Table 
I; steam forces for respective crank positions in Table II; 
acceleration in Table III, and inertia forces in Table IV. 
Twisting moments are tabulated in Table V. 





566 STRESSES IN MARINE-ENGINE SHAFTING. 


bing ie 
Y 











Ne : Y 
NS 


Y, 
Via y O-LINE 
a] tw: n 


bailing 
eal 
+. 
ny @ 

















ASNANSS 


Ge | a 

= 

L 

x4 
T7ARRNSNY 


















































| 

es Ne £Y a 

LY P Force ig 

NI = 
SINNG | i 
UP| STROKE rN 1 4 
Tor. "5 < a Ps OSE TE CBC TREE AC P  Borrom. 
2o Srro 


FIG, 2.—FORCES ON PISTON.—U. S. S. ‘‘ LOUISIANA”’ AT 79.3 R.P.M. 
Designated points are corresponding in Figs. 2, 3, 4 and 5. 


At distance / from upper center when piston is on up-stroke, steam forces 
on either side and force due to weights are in a state of equilibrium. Piston 
is acted upon by inertia from /—%. At point & the pressure on the piston, 
due to cushion and to opening to lead, begins to retard its motion, con- 
tinuing all the way, gradually increasing until end of stroke is reached, as 
represented by shaded surface T. The ordinates between the I-line and 
steam-line, measured on the scale, give the total pressure in tons acting on 
the piston. At the very near top end of up-stroke (beginning of down- 
stroke), the actual force acting on the piston is composed of : 

M, due to steam pressure on top of piston. 
+S, weight of moving parts. 

—N, inertia of moving parts—O ; this must be overcome by forces exerted in 
other cylinders of the engine. 
Similarly near bottom center the actual force on piston is composed of : 


A, due to steam pressure on bottom of piston. 
—Si, weight of moving parts. 
—N), inertia of moving parts—C, the force which must be overcome by other 
cylinders. The dragging lasts from x to yin up-stroke, and 2 to 7 
in down-stroke. 


The inertia forces in H.P. cylinder are counterbalanced by weight and 
steam forces at point X (or £). Beyond this point the latter forces act 
negatively on piston when going up. Point corresponding to X in I.P. and 
both L.P. cylinders, lies much closer to end of stroke and, therefore, some 
possibility of shock exists when turning centers in these cylinders. At full 
power all of these points change materially. 


At point P, up-stroke, inertia of moving parts change from minus to plus 
(vice versa on down-stroke), alternately creating retarding and ac- 
celerating forces. 


The effective down-forces are enclosed by single-sectioned surface y ¢ m x y 
and up-forces by 2 p x. 
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NoTE.—Basing mechanical efficiency of engine on 70 per cent. (running 

at low power), the horsepower absorbed by friction, referred to each cyl- 

_ inder, is represented approximately by a mean force of four tons on each 

L.P. piston at any part of the stroke.as shown by lines A B. Laying off 

said force on the diagrams of effective piston forces, in figures 4a and 5A, it 

will be noticed that a comparatively small amount of work performed in the 

L.P. cylinders remains for work on the shaft, the singly sectioned surfaces 

being representative thereof, while those shown in doubly sectioned lines 
are indicative of the drag caused by friction and inertia of moving parts. 
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Ordinates in Figures 2, 3, 4 and 5, shown above the O-line, 
are down-forces acting on piston, those below are up-forces. 
The weights of moving parts act directly as down-forces, the 
center of concentration being at the crosshead pin. The new 
line, which is shown as W-line in the figures, is then the line 
from which both down and up-forces should be counted, 
weights adding to down-forces and detracting from up-forces. 
The distance from the O-line is drawn to same scale as. the 
steam forces. 

The foregoing forces, however, will be more or less modified 
by action of the inertia as influenced by the moving parts. 
The exact effect of the connecting rod is difficult to determine, 
but may be approximately given by considering a fraction 


U. S. S. ‘‘ LOUISIANA.”’ 


Table I.—Effective Steam Pressures, in Pounds per Square Inch. 









































Part of | i i 
cai | H.P. cylinder, | I.P. cylinder. F.L.P. cyl. A.L.P. cyl. 
from top | 
b Be de | Top. | Bottom.) Top. | Bottom.) Top. | Bottom.| Top. | Bottom. 
fe) | go 80 19.3 21 9.5 8 9.5 9.5 
0.05 | 95 82 19 22 Io 8.7 Io II 
= | 94 719 19 22 10 9 10 II 
2 | 83 79 15.5 20 bo) 9.2 Io 11.5 
3 | 72 63 16 18 10 9 10 11.5 
4 | 65 55 17 15 9 8.5 9.5 10 
§. | Sd 48 17 15 7 8 8.5 8 
6 | 53 4t 17 15 6 6.5 7 7 
y | ae 31 13 14 5 5-5 6 6 
8 | 44 24 Il 12 4.5 4.8 5.0 4.5 
9- | 35 |—2 8.5 8.5 4 4 4.2 1.8 
95} 2a41—7 7 2.5 1.5 1.5 2.2| — 3.2 
I. | —80 | —go tan —19.3-;— 8 | —9.5 |— 9.5| — 9.5 
| 
Remarks. 


The engine installations of the U. S. S. Louisiana and U.S. S. Connecticut 
are practically alike. The propellers, however, at the time of these trials 
were different. Cards having been taken on the Louisiana at revolutions 
corresponding with revolutions on the Connecticut when vibration troubles 
were most apparent, the data of the Louisiana were used to determine 
twisting moments on the shafting of the Connecticut, no cards being avail- 
able for the Connecticut. 


i 
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Bottom pressures create up-forces, corresponding to up-stroke. 
Top pressures create down-forces, corresponding to down-stroke. 


Steam force on piston in tons — Ate4 of ne nae waren panes x 
’ 





pressure = C X pressure. 
Pressures given are from cards taken March 12, 1910, U. S. S. Louisiana. 
Length of connecting rod=/=8/0’’ ; n = c= ; 
Length of crank = r = 2/0”, 









































Weight (pounds). Mass, 
: Piston, 
Cylinder. piston rod | Connecting Total 
and cross- rod. ” a + .388. m 
head. 
a b w 
BOE sicieoosiars 4,000 4,875 8,875 5,856 181 
1 pees Riaeiee 4,300 4,700 9,200 ,087 189 
WAGE stiastes 4,525 4,550 9,075 6,264 194 
py Sy apyeye eee 4,370 4,540 8,910 6,080 189 
Cylinder area in sq. ins. _ Saiiabent dn 6; 
2,240 
Cc ‘ ‘ 
: Diameter | Radius 
Cylinder. Diam- | Stroke R.p.m. | of piston | crank 
Top. | Bottom. | cers: | =4. rod. =r. 
Sos faa -37 35 32.5// 48” 79.3 7.25// 2’ 
EGE sdpsosteh 1.00 .96 53.077 48’’ | 79.3 7.25// 2/ 
by Os, ae 1.3 1.28 61.07 48/’ 79.3 7.25// 2’ 
A.B. P... 1.3 1.28 61.07 48// 79.3 7.55’ 2’ 





























ie iain Weight of purely rec. parts 3 = weight of connecting rod 
5,856 
32.2 
6,087 

pct brat — LP. i 
poe 189 P. cyl 
6,264 aa 
32.2 
6,080 
32.2 


= 181 — H.P. cyl. 


191 — F.L.P. cyl. 


= 189 —A.L.P. cyl. 
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Table I1f.—Values of : f= vtr( Cos 0-— cad 2" 












































4. | Cos @ | Cos 26, See 2" . |Cos 6-- ad | wy, vtr (cos o— cost. 
o|-+1.000} +1.0 | +.25 +.75 138 +103.5 
30 | +.866 +.5 | +.125 +.741 138 +102.3 
60 | +.5 —.5 | —.125 +.625 138 +86.2 
go| 00 —1.0 | —.25 +.25 138 +34-5 
120 | —.5 —.5 | —.125 —.375 138 —51.75 
150 | —.866 +.5 | +.125 —.99I 138 —136.8 
180 | —I.000] +1.0 | +.25 —1.25 138 —172.5 
210 | —.866| +.5 | +.125 —.9gI 138 —136.8 
240 || —.5 —.5 | —.125 —.375 138 —51.75 
270 0.0 —I.0 | +.25 +.25 138 34.5 
300 | +.5 —.5 | —.125 +.625 138 +86.26 
330 | +.866 +.5 | +.125 +.741 138 +102.3 
360 ! +1.0 +1.0 | +.25 +.75 138 +103.5 
Remarks. 
f= acceleration in feet per second per second. 
® = angular velocity of crank shaft in radians per second = 
™X79-3 72:3 = 8.31; 0? = 69. 
vr = crank radius in feet. 
n = length of connecting rod divided by crank radius. 
6 = crank angle from H.P. cylinder bottom dead center. (B.d.c.) 
Table IV.—Inertia Forces ( Tons). 
60 M | Inertia forces I (tons). 
Angle | H.P. | LP. | F.L.P.| A.L.P. 
turned 3 | 8 5 Cyl. Cyl. Cyl. Cyl. 
by Six ltily f 
crank| Zio || 3s 
_ 4 Be ay o | Down | Down | Down | Down 
ares es BS 1a | a or up- | or up- | or up- | or up- 
B y s Pu a 3 a stroke. | stroke. | stroke. | stroke. 
Re fy oe 
oO 181 | 189 | 194 | 189 | +103.5 +836! +8.73| +8.96/ +8.73 
30 181 | 189 | 194 | 189 | +102.3 +8.24| +8.61/ +8.83/ +8.61 
60 181 | 189 | 194 | 189 | +86.2 +6.96| +7.27| +7.46| +7.27 
go 181 | 189 | 194 | 189 | +34.5 +2.78| +2.91| +2.99) +2.91 
120 181 | 189 | 194 | 189 | —51.75| —4.12| —4.30| --4.41| —4.30 
150 181 | 189 | 194 | 189 | —136.8 | —1II.05 | —11.54 | —11.85 | —11.54 
180 181 ; 189 | 194 | 189 | —172.5 | —13.9 | —I4.52| —14.9 | —1I4.52 
210 181 | 189 | 194 | 189 | —136.8 | —11.5 | —11.54| —11.85 | —I1.54 
240 181 | 189 | 194 | 189 | —51.75| —4.12| —4.30} —4.41| —4.30 
270 181 | 189 | 194 | 189 | +34.5 | +2.78| +2.91| +2.99| +2.91 
300 181 | 189 | 194 | 189 | +86.2 +6.96| +7.27| +7.46| +7.27 
330 181 | 189 | 194 | 189 | +102.3 +8.24| +861} +8.83| +8.61 
360 181 | 189 | 194 | 189 | +103.5 +8.36| +8.73| +8.96| +8.73 
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Data. 
Angular velocity ot crank shaft in radians per second = w = =O where 
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R=revolutions per minute, Inertia forces in tons = fh iRo 












































2,240 
Table V.—Twisting Moments (Foot Tons). 
etek a H.P. cylin- | I.P.cylin- | F.L.P. cylin- | A.L.P. cylin- 
ales % der. . der, der. der. 
!3g.|8 
aU ae 3 
9s 
gES 5 3 
a2 ag 
cw ; 
EDS .| Og ; : : : 
2 ho » aot bad ~ 
eiss| 3 ; 3 ; 5 3 ; Fi 
we pe | 2 Body Bodo ibe tted Bs cht opt Biba 
WES | s 3 3 gos & 3 5 ° 
< 4 ea =) ied a isd A: | & =} 
° 0.00 |+ 16.00} 0,00] +7.00; 0,00) —2.6 0.00/— 0.5 0.00 
30 0.78 |+17.00|+13.2 | +8.2 | +6.39} —1.5 | —1.17\+ 1.5 | +1.17 
60 | 1.52 |+14.00|\+21.3 | +8.0 |+12.16 fig —0.45|\+ 3.5 | +5-32 
go 2.00 |+12.2 |+24.4 | +7.5 |+15.0 | +3.5 | +7.0 |+ 4.4 | +88 
120 1.95 |+11.2 +218 +13.5 |+26.3 | +7.0 |+13. 65\+ 8.2 |+16.0 
150 1.22 | —2.1 | —2.56)+14.0 |+17.8 | +12.0 |+14.64/+ 7.0 | +8.54 
180 0,00 |—23.1 0.00} — 8.5 0.00} —1.5 | 0.00/+ 1.5 0.00 
210 | «1.22 |+27.7 |+33.8 |+11.7 |+14. 27, +5.5 | +6.71\+ 5.4 | +6.58 
240 | 1.95 |+26.3 |+51.28/+15.8 |+30.8 |+13.2 |+25.74/+12.6 |-+24.57 
270 | 2,00 |+26.5 |+53.0 |+23.7 |+47-4 |+15.5 |-+31.0 |4-17.0 |+34.0 
300 | 1.52 |+26.5 |+40.2 | +22.3 |+33.9 | + 17.0 +25.84|/+17.9 | +27.2 
330 | 0.78 |+19.8 |+15. 45)+19-5 |+15.2 | +8.9 | +6.94)+14.5 | +11.3 
360 | 0.00 Pore 0.00; —7.0 0.00} ioe 0.00/+ 0.5 0.00 
| 








Remarks.—1, Length of arm creating sapiiieh is in feet. 2. Cylinder 
forces are in tons. 3. Moments are in foot tons. 


of its weight moving with the purely reciprocating parts. 
This fraction is the weight of the rod multiplied by the ratio 
of distance of its center of gravity to center of crank pin and 
the length of the rod between centers. In the example before 
us this ratio is .38. 

If for any crank position the acceleration of reciprocating 
parts, including connecting rod, piston, piston rod and cross- 
head, is f feet per second per second, the force necessary to 
create this acceleration is / X m, where m is the mass of recip- 
tocating parts as given in column of remarks, Table I. The 
inertia forces of slow-running engines are of minor significance, 
but enter as an important factor in engines of high piston 
speed, although not as altering the magnitude of mean or 
combined twisting moments. 
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INERTIA OF MOVING PARTS. 


(a) Acceleration f is a maximum at the end of up-stroke. 

(4) Force due to inertia at end of stroke should be absorbed 
by compression and opening to lead. By judiciously choosing 
the points of release, cushion and lead, a state of complete 
absorption of acceleration may be obtained. 

(c) Force necessary to overcome inertia of moving parts 
=f X m, value of f with due consideration to crank position. 

(d) Effective force on piston for any crank position is that 
due to steam and dead weight of moving parts, minus or plus 
the inertia force—minus where the inertia is a retarding force, 
as is the case in the down-stroke to a point about .45 stroke 
and plus for the remainder of stroke, and plus in up-stroke to 
a point about .55 stroke for the remainder of stroke (see Fig- 
ures 2-5). 

(A) Inertia forces, I-line, are offset from the W-line, due 
regard being had to direction and sign. 


COMBINED TWISTING MOMENT. 


The twisting moment on the shafting as a result of the 
combined action of the cranks is resisted by the screw pro- 
peller and the friction throughout the bearings. In Figure 
6 are shown three curves representing the combined twisting- 
moment curves of the U. S. S. Connecticut at 128.2 r.p.m., 
which is equivalent to full power conditions; the combined 
twisting-moment curve of the same ship at cruising speed of 
about 13 knots, and also of the Zouzszana at approximately 
12} knots; the revolutions corresponding to latter speeds 
being, respectively, 89 and 79.3. 

Twisting moments for the last-named condition and ship 
are figured out in Table V and are transposed to scale as 
shown in Figure 6. The crank sequence is laid off on the 
abscissa corresponding to the order existing in the engine. 
Moments are in foot tons offset on ordinates to scale chosen. 
It will be noted from the curves that the maximum twisting 
moment at full power is only 2.3 times that at one-quarter 
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power, and, on ‘the whole, proportionately to the power, less 
strain is developed on the shafting when running full than 


when running slow. 








576 STRESSES IN MARINE-ENGINE SHAFTING. 


Stresses.—The calculated shearing stress per square inch 
or section of shafting in recent naval vessels varies between 
9,000 and 10,000 pounds. It is a fact, however, that said 
stresses are greatly exceeded due to running engines as much 
as 30 per cent. in excess of their designed power, the result 
being large angular deflections of the shafting at positions of 
cranks where the twisting moment becomes a maximum. 
For sudden reversal of motion any weakness in shafting may 
develop excessive stress and possibly fracture. The torsional 
deflection in the total length of the shafting of the U. S. S. 
Oklahoma at maximum (assumed overload) working con- 
dition in terms of linear and angular measure is .1466 inch, 
corresponding to an angle of torsion § = 8.41 degrees. The 
displacement of a particle on the surface of the shaft distant 
the length of shafting from a central point for the application 
of power is approximately 1.282 inches, with a corresponding 
shearing stress of 9,150 pounds per square inch as caused by 
torque alone. In various other ships this stress is materially 
larger. 

Twist of Shafting.—The shafting in a marine-engine instal- 
lation consists usually of a number of sections, nearly all of 
which vary in diameter and length. To determine the twist 
for the whole length of such a length of shafting, it becomes 
necessary first to reduce each part of the actual shafting toa 
piece of shafting (of which the diameter has been conveniently 
chosen, usuaily that of the part having smallest diameter) 
having a length such as to give the same resultant elasticity 


‘as the original and actual shafting. 


The equivalent shear stress on crank shafting due to bending * 


is about one-third of that due to torque, and on propeller 


shafting slightly in excess of this due to the allowances usually 
made for bending caused by weight of propeller and pitching 
action. 

The surface displacement, or torsional deflection, is due 
to torque alone, and this deflection, therefore, is determined 
from the maximum twisting moment acting on the reduced 
shafting without consideration to bending moment. 
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The following notations have reference to Figures 7 and 8, 
and calculation of stress is shown by the following well- 
known formulae: 











Horsepower transmitted by shafting............ccccsesserceseeessseseees H.P. 
Revolutions per minute..........cccccecccsecccseecsseeseccsescecerseseesenees R. 
Respective lengths of each section of shafting....... daciaatagivndtacs LwLiLe, ete. 
Corresponding outside diameter, inches...............sssseccsseeeeeees DoD1Dz, etc. 
Corresponding inside diameter, if hollow, inches.....,.,.....0-see9 Aodde, etc. 
Length of each section of reduced. shafting, corresponding to 

original shafting ............ ebnsaet chasbanecederseste Ricekowenens lilo, ete. 
Diameter of reduced shafting, outside, inches.. ...................... D 
Diameter of reduced shafting, inside, inches........000...cceeeeseeees ad 
Total length of reduced shafting, inches..............cccccsseseeeeeeees L 
Skin shear stress on material of shafting, pounds per sq. in..... /s 
Polar moment of inertia, any section, original shaft............... Ip 
Polar moment of inertia, any section, reduced shaft ........... Stee? Ep 
Coefficient of rigidity, or modulus of elasticity..................s00+ G 
Mean twisting moment, inch pounds................seseccee enceeseeees T 
Maximum twisting moment (1.2 T to 1.4 T=cT, ¢ being a con- 

stant due to type of engine), inch pounds.............csscsssseeeees Th 
Torsional deflection of original shaft, at unit distance from 

center, inches............... pda cnecnn's day aceup cytes 94s5 0 gameqent Ge ongeRRsibEEey Z 
Torsional deflection of reduced shaft, at unit distance from 

center, inches........ Bib. svqdasescuchevdesdapededeccvacsacstne'baledbedsneanee « 2 
Angle of torsion, Aegrees............ccsssseccececessessecerscseserseas senses B 
Torsional deflection at surface of actual shaft, inches.............. F 

D 
F = 5 x Z; 
H.P. X 63,000 X ¢ X T, 
Ty = R ’ 
gai XW X12 ae Ty aS dal 
Lxo Tp XG 
SEK ZF 
p=; 


7 
Ip = 3a (De —'40') 
Los ie 
Bag 


Owing to the fact that the resultant elasticity of the reduced 
shaft is assumed to be the same as that of the original, we have. 





—————_—__—__-—-—- 


See TTT EY 
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Z:=7' 
AX Ip=ly X I'p; 
L, Ip Di —a. 


4A Dy Dt A’ 
pe L, (D‘ — a) , 
0 D,! cS d,! ’ 
L=4+4+4+at+... 
In the example which follows, the quantities established 


by the foregoing formulas, worked out for the shafting of the 
U.S. S. Oklahoma, see Figures 7 and 8, are: 


I'y = 3, (17.5! — 8.75!) = 8,600; 
Z= 9,000,000 X 145.87 X 12 re 

8.600 X 12,500,000 
— 360 X .1466 


27 





1466; 
B 


F = “2:5 X .1466 = 1.282 inches. 


= 8.41 degrees ; 


The shearing stress corresponding to deflection F from 


a acde: 
| ae 
yea 1.282 X 12,500,000 = 9,150 pounds 





145.87 X 12 
The shear stress on shafting in steam turbine-driven ships 
varies between 5,500 pounds and 6,500 pounds per square 
inch of material. Should latter be made maximum allowance 
on shafting of U. S. S. Oklahoma, we get : 
= .858 inch ; 
Z' = .0971 inch; 
B= 5.57 degrees ; 
D = 18.16 inches ( retaining age :) ; 
@::::3 


or an average increase of a little more than $ inch on the 
outer diameter throughout the shafting. Note that witha 
shearing stress of 6,500 pounds per square inch allowed, the 
total stress, inclusive of that due to bending, would be approx- 


imately 8,700 pounds, which is considerably less than usually 
allowed. 











a ; < 
74 WY, 


£8°S41 = 7— 
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STRESSES IN MARINE-ENGINE SHAFTING. 


SYNOPSIS OF SHAFTING CALCULATIONS. 


R.p.m. = Revolutions per minute ; 


S = Speed of ship in knots ; 


I.H.P. = Indicated horsepower ; 
I.T. = Indicated thrust ; 


W = Weight of propeller, in pounds ; 
P = Pitch of propeller, in feet; 
L, = Distance in inches from center of ecuiiiee hub to a 
point about 3 inches within strut bearing ; 
D = Outside diameter of shaft, inches ; 
d = Inside diameter of shaft, inches; 
M = Bending moment on crank shaft, inch pounds ; 
M, = Bending moment on propeller shaft due to weight 
of propeller, inch pounds ; 
M, = Bending moment on. propeller shaft due to pitching 
and action of water, inch pounds ; 
T, = Maximum twisting moment, inch pounds; 
T,= Equivalent maximum twisting moment, inch 
pounds ; 
P, = Maximum turning force, pounds ; 
ry = Length of crank, in inches; 
L, = Distance in inches over crank arms + .2 D; 
Jc = Tensile or compressive stress, pounds per square 
inch ; 
/s = Shearing stress, pounds per square inch. 
it = J: = Equivalent tensile stress, due to shearing 


stress f,, pounds per square inch ; 


Y=. *f + fc, pounds per square inch. 


NoTE.—In crank shafts bending moments are assumed to 
vary directly as maximum turning force. 


In propeller shafts bending moments are assumed constant 
at all powers. 
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There are given in Table VI and Table VII the usual 
formulae for the obtainance of the equivalent maximum 
twisting moment and stress per square inch of section of 
material for both crank and propeller shafts. In the construc- 
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tion of the revolution-speed-power-strain curves, shown in 
Figures 9 and 10 for U. S. S. Delaware and North Dakota, 
horsepower and speed are taken directly from standardization 
or speed curves and the stresses on the shafting corresponding 
thereto are given as function of revolutions, speed or power- 
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PART II.—UNKNOWN STRESSES. 


TORSIONAL VIBRATION. 


The subject bearing on synchronous torsional vibration is 
interestingly discussed by Herrman Frahm in a paper read 
before the German Philosophical Society, September, 1901, 
reprinted in Volume XIV of the JOURNAL OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS, and by G. Bauér, in a paper 
read before the Schiffbautechnischen Gesellschaft in 1900, 
Also in papers read by L. Giimbel before the Institution of 
Naval Architects in 1902 and 1912. 

The following is a short resumé of the subject with extracts 
from Frahm’s paper with special reference to critical speed 
of revolutions of shafting. 

We have learned from the previous discussion that stresses 
due to torsion alone, as caused by steam and inertia forces in 
the cylinders, are within safe allowances, were there no other 
stresses. But in experiments made by Frahm and others 
with reciprocating-engine torsion meters, to ascertain actual 
stresses on the shafting, augmented “twist,” over that due 
to foregoing stresses, was recorded. This increase, it is 
believed, was caused by synchronous torsional vibration di- 
rectly influenced by the forces creating natural and forced 
vibration. 

Vibration of a body is indicated by longitudinal, lateral or 
torsional fluctuations, and consists either in satural or free 
vibration, or in forced vibration. In the former the period of 
vibration depends only upon the nature and condition of the 
vibrating body; in the latter the period is dependent upon 
outside influences. Amplitude of vibration is the maximum 
displacement of a vibrating body from a position of rest. 
Period of vibration is the shortest time between instants at 
which the displacement and velocity of the vibrating body are 
the same both in amount and direction. This should occur 
at beginning and end of each revolution, see Figure 11. With- 
in each period of forced vibration of a multiple-expansion 
marine engine are several individual periods of vibration, each 
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of which may be termed “period of fluctuation,” as seen in 
the curve of combined twisting moments, or as marked in 
Figure 11. 


bs 


PERIOD OF VIBRATION. ONE REVOLUTION, OR TWO STROKES. 
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Points A, B, C, D, E, F and G are points of maximum displacement 
during particular instants of the stroke, and their number determine the 
number of fluctuations which occur during one revolution. Number of 
fluctuations during each stroke are four in sketch shown. 


Torsional vibration in reciprocating marine-engine shafting 
is indicated on torsion-meter records by a to-and-fro oscillating 
motion measured from a line of zero displacement. Such 
vibration is caused by forces created in the cylinders due to 
steam pressure, inertia of moving parts and by propeller resist- 
ance. It may beconfined wholly to the shafting of the engine, 
and as such will create disturbances in the form of severe 
stresses in the material of the shafting and, generally, in 
lowering the efficiency. However, if the torsional ship vibra- 
tion synchronizes with the torsional shaft vibration an 
aggravated form of vibration, both in ship and engine, may 
ensue. The turning moment in a reciprocating engine during 
a revolution is not constant, but varies with different positions 
of the crank. Thus, for instance, the curves of combined 
twisting moments in three-cylinder and four-cylinder engines, 
with cranks, respectively, at 120 degrees and go degrees, show 
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three and four points, respectively, during each revolution at 
which the torque is greater than the mean torque, and, con- 
versely, three and four points where the torque is less than the 
mean torque. The foregoing oscillations are principally due to 
forced vibration. In addition to the forces which bring about 
forced vibration, free or natural vibration ‘is brought about by 
the acceleration of the moving masses of engine and propeller. 
These forces vary and are largely influenced by the elasticity 
of the shafting, by the damping effect as a result of frictional 
resistance in shafting, and by the various resistances of the 
propeller. 

To illustrate synchronous vibration one may imagine an 
ordinary spiral spring firmly secured to a support, which also 
is capable of movement. At the end of the spring is attached 
a weight causing vibration of the spring. By the applica- — 
tion of an outer force, such as to set in motion the support, 
the amplitude of motion of the weight may become enormously 
magnified. This occurs as the frequencies come together, or 
when the periods of the two vibrations approach synchronism. 

Perry shows in his “Calculus for Engineers” that when 
the forced frequency is a small fraction of the natural fre- 
quency the forced vibration of the weight is nearly identical 
with the motion of point of support. When the forced 
vibration frequency is increased the motion of the weight is 
magnified, and when the forced frequency is nearly equal to 
the natural the amplitude of the motion of the weight is 
enormously increased. He exemplifies this by the following 
statement: ‘“ When the forced and natural frequencies are 
nearly equal, we have the state of things which give rise to 
resonance in acoustic instruments; which causes us to fear 
for suspension bridges or rolling ships.” The effect of 
synchronous torsional vibration in marine-engine shafting, 
where such occurs, may be partly inferred from the foregoing. 

Torsional vibration as measured by Frahm on S. S. Rada- 
amus increased the ratio of maximum to mean twisting 
moments in the shafting from 1.3 to nearly 3.3. Synchronous 
torsional vibration occurs in shafting when the number of the 
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period of fluctuations in the combined crank-effort curve equals 
or approaches the order of natural period of vibration of the 
shaft as caused by the propeller and engine moving parts. 
The natural period of vibration is obtained approximately 
by the following formula, cited in Frahm’s paper. The 
revolutions at which the natural period of vibration syn- 
chronizes with the forced vibration are obtained by dividing 
the former with the number of fluctuations made per revolu- 
tion. The above revolutions are termed “critical” speed of 





engine. 
We have: 
nN, — 30/6 X (Mi + My), 
°~z Xx RN L, X M, X M, 
where 


Ne = Natural period of vibration, or individual number of 
vibrations per minute ; 
R = Crank radius, in millimeters ; 
G = Modulus of elasticity of shaft = 850,000 kilograms 
per square centimeter ; 
I, = Polar moment of inertia ; 
M, = Mass of reciprocating parts referred to crank radius; 
M, = Mass of propeller referred to crank radius ; 
L, = Length in millimeters of shaft of anitoas diameter 
having same resultant elasticity as original shaft. 


The foregoing applied to U.S. S. Connecticut, Delaware 
and Pennsylvania (latter originally designed for reciprocating 
engines but later changed to turbines) is given in the fol- 
lowing. 

The method used in the transformation of the shafting is 
given in Part I. In table VIII are given weights of recip- 
rocating parts and propellers. The values after insertion 
of actual figures will be as follows: 


U. Ss. Ss. “CONNECTICUT.” 








ia) a aes X 41840 X 2.54 X 50.25, 
Micon 24 1,251.4 X 27.3 X 22.95 34- 
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Revolutions corresponding to critical speed from 
R.p.m. = se = 81; 
Speed in knots corresponding = 12.75. 


v. Ss. Ss. “DELAWARE.” 





N, = 30, [8501000 X 7,272 X 2.54X 79-1 _ 416 
fe “ehag 1332-90 X 45.2 X 23.9 34°. 
Revolutions corresponding to critical speed from 





R.p.m. = HW = 86.5; 
Speed in knots corresponding 15.5. 


U. Ss. Ss. “PENNSYLVANIA.” 





ee 850,000 X 13,818 X 2.54 X 93.5 
= 





== 315, 
mz X 24 1,737 X 59-5 X 34.0 vey 
Revolutions corresponding to critical speed from 
15. 
R.p.m. = — = 78.753 


Speed in knots corresponding = 15.35. 


CONCLUSIONS. 


Frahm’s experiments disclosed that maximum twisting 
moments, in cases where actual twist of shafting had been 
ascertained, were for 3-cylinder engines 3.3 times the mean 
as compared with 1.3 times obtained by the usual method of 
figuring. 

The critical number of revolutions of the 4th order of many 
of the engines of naval vessels often, unfortunately, consti- 
tutes also the cruising speed of the ship. Although the power 
at this speed is greatly reduced the stress on the shafting due 
to the equivalent combined twisting moment, observing the 
above “actual” ratio of 3.3+-1 becomes approximately equal 
to shafting stresses as large as when engine is developing full 
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power. ‘These stresses fluctuate between zero and the max- 
imum value in one direction and zero and a maximum value 
in the opposite direction, the twisting action on the shafting 
being thus reversed several times during each stroke, the 
number depending upon type of engine. An imaginary dia- 
gram of this is shown in Figure 6, indicated by dot and dash 
lines. As may be plainly inferred from this diagram the 
twisting on the shafting produces continuously recurring 
to-and-fro stresses. 

In his experiments (see “ Engineering ” of June 9, 1871) on 
rotating steel bars subjected to bending, thus to alternating 
compressive and tensile stresses, WOhler found: that with a 
fiber stress of 17,120 pounds rer square inch in each direction 
breakage occurred at a total number of 132,250,000 revolutions. 
When the stress was increased to about twice the foregoing 
amount breakage occurred at 4,035,400 revolutions. Again 
for a stress of 19,260 pounds per square inch the revolutions 
corresponding to breakage were 19,186,791. Where the bars 
were subjected to intermittent cross-bending or transverse 
stresses, as in crank shafts and propeller shafts, the breakage 
of the bars occurred at a much reduced number of revolutions. 

The first accident to one of the crankshafts of U. S. S. 
Connecticut occurred after having made approximately 34,- 
150,000 revolutions with an average stress of (probably) about 
14,000 pounds per square inch. 

The existence of a considerable increase of stress in shaft- 
ing of reciprocating-engine ships, due to synchronous torsional 
vibration at normal or cruising speed of naval vessels, and to 
overload or other conditions, such as sudden reversal, striking 
of floating bodies, corrosion, dis-alignment, etc., renders the 
position reasonable in assuming that shafting, with a designed 
shear stress of 10,000 pounds per square inch of section (equiv- 
alent to probably between 14,000 and 15,000 pounds tensile 
stress under actual working conditions), becomes severely 
overstrained. This design stress, therefore, may be lowered 
in the interest of greater safety, even at sacrifice of greater 
weight caused by increased dimensions. Designed shear 
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stress in line and propeller shafting for marine steam turbine 
installations seldom exceeds 6,500 pounds per square inch of 
section of steel of 80,000 pounds tensile strength when work- 
ing nearly at a uniform torque. This shafting, therefore, in 
comparison with reciprocating engines is working under far 
more favorable conditions, with the result that accidents in 
the form of breakage are of rather rare occurrence. Max- 
imum stress in shafting, incident to torque during different 
working conditions, is difficult to determine by calculation, 
but may be derived at fairly accurately by tests using torsion 
meters. 

Reasonably satisfactory torsion meters exist for measuring 
torque on turbine shafting, as meters for this purpose may be 
made simply enough. The twist on such shafting being only 
in one direction, corresponding to going ahead or back, it is 
only necessary to enable measurement of maximum twist, 
or the torsional displacement of the shaft for a fraction of a 
revolution. In reciprocating engines, on the other hand, the 
forces acting create a continuous to-and-fro motion, or what 
may be termed “twisting and untwisting” of the shaft, the 
magnitude of which varies continuously during each revolu- 
tion and between same. It becomes necessary, therefore, to 
have a meter capable of producing a record for at least one 
whole revolution, but preferably for an indefinite number of 
revolutions. Such meters have been made of a combined 
electro-mechanical type with some degree of success, but, 
owing to the necessity for considerable skill on the part of 
operators and errors in interpreting records, such meters have 
not had extensive application. A purely mechanical torsion 
meter with direct shaft connections giving a continuous 
record of torque for a number of revolutions would be of great 
value in obtaining reliable data in connection with the rather 
uncertain and difficult subject relating to calculating s/vesses 
im marine-engine shafting. 
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U. S. S. CUMMINGS. 
TRIAL PERFORMANCE. 


By HeEnpeErson B. Grecory, ASSOCIATE. 


(Notr.—The following trial data is a supplement to the 
. Description and Trial Performance of the U. S. S. Cassin and 
Cummings, appearing in Volume XXV, August, 1918, num- 
ber, page 339, of the JouRNAL, to which reference is made 
for a complete description of the vessels, machinery, etc. ) 
The trials of the Cummings were conducted August 26. to 


28, 1913, inclusive, just two months following those of the 
Cassin, her sister shib. The weather conditions were gen- 
erally good for all the trials. 

The standardization trial was run on the measured-mile 
course, at Rockland, Maine. Twenty-six runs were made, at 
various speeds, over the measured mile, the data from which 
are given in Table IV. Unfortunately, at the beginning of 
the fourth run a slight accident occurred to the torsionmeter 
on the starboard shaft, rendering it impossible to obtain com- 
plete data for the construction of a S.H.P. curve. The official 
curve was, therefore, constructed by combining the $.H.P. 
data obtained for the port shaft on the standardization trial 
with that of the starboard shaft obtained on the full-power, 
24, 15%4 and 12-knot trials. The curves shown in Figure 5 
are plotted from the official curves. 

It was found, from the official speed and revolution curve, 
to require the following mean revolutions per minute of the 
propellers to attain the speeds stipulated for the other trials: 
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U. S. S. CUMMINGS. 


Speed, in knots. - R.P.M. 
12 197.1 
15Y 256.6 
24 421.0 
29 565.5 


The four-hour full-power 24, 1514 and 12-knot trials, and 
the twenty-hour endurance trial, were run on the dates noted 
in Table V, which also gives the principal data obtained on 
the various trials. On the full-power trial the contract speed 
of 29 knots was easily exceeded, and the results of all the trials 
were considered most satisfactory. 
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SOME NOTES ON GYROSCOP:< ACTION. 


By Ws. L. CatHcart, MEMBER. 





In certain conditions the effect of gyroscopic action on engi- 
neering constructions may be marked. It occurs whenever 
the shaft of a rapidly revolving body is given partial rotation 
about another axis at an angle with the shaft. For example, 
a car axle with its wheels, while turning in its own bearings, 
swings also about the center of a curve in rounding the latter, 
and gyroscopic action is developed tending to overturn the car. 
The same effect is often produced in centrifugal machines of 
_various types, in some parts of the machinery of a ship in a 
rough sea and, indeed, on the hull of the ship itself, in de- 
pressing or elevating the stern when turning sharply at high 
speed. Gyroscopic action is also of much importance to engi- 
neers and designers in the possibilities of its application. It 
has two unique characteristics: the tilting of a rapidly rotat- 
ing shaft, or the effort to tilt that shaft, will produce rotation 
of the shaft and its attached parts about an axis at right angles 
to both the shaft and the axis of tilting, thus transferring 
“ around the corner” the power applied in tilting; and, further, 
the gyroscope literally provides a fulcrum in space, as, for 
example, when it grips a ship to prevent its rolling in a heavy 
sea. To these should be added the fact that the power of the 
precessional couple developed by gyroscopic action depends 
directly on the angular velocity of the spinning body about 
its own axis. Within safe limits this velocity can be made 
very great—15,000 revolutions per minute or more—and 
hence the power of a gyroscopic apparatus can be relatively 
enormous for its weight and the floor space covered. 

The principles which govern most gyroscopic actions met in 
practice are relatively simple, although their explanation has 
been often obscured by extended mathematical treatment. 
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598 SOME NOTES ON GYROSCOPIC ACTION. 


This has been due largely to the assumption that, in any such 
action, we should consider unsteady motion and _nutation, 
which is the minute wobbling or vibration of the shaft of the 
spinning body. In practice this assumption is in most cases 
unwarranted, since it holds only with suddenly-applied loads 
when the moment of inertia of the spinning mass about the 
axis of precession is relatively large as compared with the 
angular momentum of the mass about its own axle. 

Although, if we disregard nutation, the principles govern- 
ing gyroscopic action and its effects are relatively simple, the 
application of these principles is somewhat confusing when 
the subject is for the first time investigated in detail. The 
notes on which this article is based were gathered during the 
writer’s study of the application of the gyroscope as a compass 
and in preventing the rolling of ships. While necessarily 
somewhat elementary, they are presented here in the view that 
possibly they may be of service to other engineers in similar 
case. For more detailed information the reader is referred 
to Worthington’s “ Dynamics of Rotation,” the “ Lecture on — 
Spinning Tops” by Professor John Perry, “ Spinning Tops,” 
etc., by H. Crabtree, the papers of Mr. Elmer A. Sperry and 
Lieutenant Gillmor in the “Transactions of the Society of 
Naval Architects and Marine Engineers,” and that of Mr. 
Sperry in the “ Journal of the Franklin Institute.” 


THE GYROSCOPE. 


Fig. 1 shows the well-known form of the gyroscope as useil 
for demonstrating purposes. The disc A is secured to the 
axle XX, and, through gimbal suspension, is mounted with 
“three degrees of freedom,” that is, it and its axle can rotate 
about the axis XX; the disc, its axle and the ring B can re- 
volve about the axis YY, passing through the extremities of 
the forked frame C; and the disc, ring and fork, owing to the 
socket bearing at D, can rotate together about the vertical 
axis ZZ passing through the center of the stand E. Nor- 
mally each of the three axes is perpendicular to the other two. 
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Front Elevation. Side Elevation. 
FIG. 2. 











The method of suspension is sometimes changed so that the 
axis XX is vertical and the disc horizontal, the mounting being 
the same in other respects. All bearings, while accurately 
fitted, are made as frictionless as possible. 


PRECESSION. 


For clearness, the disc and its axle are shown without fram- 
ing in Fig. 2, all other conditions remaining the same. With 
the axle horizontal and the disc revolving rapidly in the direc- 
tion shown by the arrow a, let the two equal and opposite 
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forces FF, forming a couple, be applied to the ends of the 
axle, tending to rotate the latter in a vertical plane about the 
horizontal “ axis of tilting” YY, in the direction shown by the 
arrow b. Through its reactions the disc will oppose a re- 
sistance to this tilting from, and change of, its plane of rota- 
tion. If the couple is stronger than this resistance the disc 
and its axle will yield to it and will revolve about the axis YY; 
but if the couple cannot overcome this resistance .the disc will 
first tilt slightly and then it, its axle, and the ring B will ro- 
tate together in a horizontal plane about the “axis of pre- 
cession” ZZ, in the direction shown by the arrow c, this pre- 
cession being thus in a plane normal to that of the couple. 

Note that only angular motion of the axle in any plane will 
develop resisting reactions in the disc and hence that only such 
angular motion will produce precession; and, further, that but 
little tilting of the axle is required to start precession, which 
is then maintained by the steady pressure of the couple. Gy- 
roscopic action, then, consists essentially of, first, a rapidly 
rotating mass; second, a couple which tilts, or tends to tilt, the 
axle of that mass; and, third, as a result of this tilting, a rota- 
tion of the spinning mass and its attached parts about the axis 
of precession, which axis, with a freely suspended body, is 
normal to both the axes of spin and of tilting. If the couple 
FF act in a horizontal instead of a vertical plane the tilting will 
be about the vertical axis ZZ and precession will take place 
‘about the horizontal axis YY. In other respects the operation 
will be identical with that shown in Fig. 2. 


INERTIA, THE FUNDAMENTAL CAUSE OF PRECESSION. 


In 1851-2 Foucault, the French physicist, as a result of his 
‘celebrated analysis of gyroscopic phenomena, laid down the 
fundamental law that the inertia of a rapidly rotating disc, 
which is so suspended as to be free to move in all directions, is 
relative to space,” that is, if unacted upon by external forces 
the disc will always keep in the same plane of rotation and its 
axle will always point in the same direction, not on the earth 
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but in the limitless space beyond. Professor Smyth, once 
astronomer-royal of Scotland, applied this principle by mount- 
ing a telescope on the supports of the ends of a gyroscope, so 
that any star on which the telescope was trained would keep 
continuously in the field of view instead of sweeping across 
the lens in a few seconds. For a similar reason modern ord- 
nance is rifled, that the projectile may spin like a gyroscopic 
disc and tend to keep its axis in the same direction during 
flight—a tendency which gravity and the resistance of the air 
oppose. Again, in submarine torpedoes like the Whitehead, a 
gyroscopic steering disc is employed to keep the reins in the 
course on which it is aimed., 

The disc, in its rotation, is subject to Newton’s First Law 
of Motion. As a consequence inertia opposes any change in 
the natural course of any of its particles, which course, at any 
instant, is the tangent drawn from the particle to its circle of 
revolution. All of these tangents lie in the plane of rotation 
of the disc, and hence any force acting to change that plane 
will be met by opposing reactions in the disc. Again, the high 
velocity of the moving particles vastly augments their inertia. 
One definition of inertia is “‘ the capacity of a body to possess 
momentum.” The angular momentum of a particle revolving 
about a fixed axis is equal to the product of its polar moment 
of inertia by its angular velocity. Hence, its inertia depends 
directly on that velocity. For this reason a circular sheet of 
thin silk, if revolved at very high speed as a disc about its 
center, will become as rigid as steel. In the Sperry apparatus 
for stabilizing ships one pound of metal in the rotating disc 
does the work of 150 pounds or more applied in any ordinary 
engineering way, although the speed of the disc is relatively 
low. ’ 

It is this practically limitless increase of inertia which makes 
the gyroscope capable of thus establishing a fulcrum in space. 

In speaking of the “ resistance” of the rotating disc to a 
change in its plane of rotation, an ordinary and convenient, 
although strictly speaking incorrect, expression has been used. 
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The resistance thus met is really indirect and the resultant of 
the reactions, due primarily to inertia, which the rotating par- 
ticles oppose to angular movement when an attempt is made 
to tilt the disc. General Barnard, for many years President 
of Columbia University, said*: “The popular idea that a 
rotating body offers any direct resistance to. a change of its 
plane is unfounded. It requires as little exertion of force 
(in the direction of motion) to move it from one plane to 
another as if no rotation existed; and, as a corollary, as little 
expenditure of work. But deflecting forces are developed, by 
angular motion given to the axis and normal to its direction, 
which are very sensible and are mistaken for direct resistances. 
* * * What, then, is the resistance to a change in plane, 
‘so often alluded to and described? A misnomer entirely.” 
With regard to the maintenance of the original plane of ro- 
tation in space a modifying condition may be noted, although 
it has no bearing on ordinary gyroscopic apparatus. As the 
earth, on which the rotating disc is located, is a revolving 
body; it acts on the disc with a tendency to align the disc-axis 
with its own. Hence, a wholly free disc under this influence 
will gradually swing around from any given position until its 
axis points geographically north and south. This is the prin- 
ciple which has been applied with full success in the Sperry 
Gyro-Compass, with, on a moving vessel, a slight correction 
automatically made for speed, course and latitude. The di- 
rective action of the earth is, however, extremely feeble and 
has no appreciable effect on ordinary gyroscopic construction. 
To utilize it in the gyro-compass, the disc is suspended by tor- 
sionless strands of wire and an auxiliary, motor-driven “ fol- 
low-up” mechanism is employed to supplement the earth’s 
directive power, so that the latter acts only as an indicator of 
the required motion of the disc, the follow-up gear doing the 
actual work of driving it. The principle of the earth’s direc- 
tive action is, however, general, applying in greater or less 
degree to every rotating body on its surface, so that the shaft 





*Anaylsis of Rotary Motion as Applied to the Gyroscope, p. 40 
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of every flywheel, of every dynamo and motor, is striving 
feebly and vainly to swing around to the geographic north. 
This tendency—the “ effort to precess’—is resisted by the 
bearings, and hence no precessional action takes place. 


THE GYROSTAT. 


In the gyrostat precessional gyration occurs; but the axes 
of spin, tilting, and precession do not meet in a common point, 
the center of the disc, as in the gyroscope proper, since the 
spinning mass is free to revolve on a horizontal plane. The 
bicycle when the driving wheel is turned, the.top spinning 
with an inclined axis, and a child’s hoop when moving in a 
circle are all examples of gyrostatic action. 

The top especially has been the subject of exhaustive study 
since the early days of the investigation of the phenomena of 
spinning bodies. In fact, the precession of the earth is like 
that of a gigantic spinning top. When the axis of the top is 
inclined, as shown in Fig. 3, it has precessional gyration about 
the vertical axis PP passing through the center of gravity G. 
The axis of spin SS is tilted by the weight W acting at the 
center of gravity and the equal and ‘opposite reaction W at 
the point of contact with the supporting plane. The arm of 
this couple is a=r sin 4, in which @ is the inclination of SS to 
the vertical, The magnitude of the couple is hence Wr sin @. 
It will be seen that we have, as before, axes of spin and tilting, 
and precession about a third axis. The spin and precession 
are in the same direction. These expressions are based on the 
assumption of steady motion of the top. Its motion is, how- 
ever, not absolutely steady, since the axis SS has a minute 
nutation which acts to corrugate the circular path, as shown 
in the upper part of the figure. Centrifugal forces also modify 
somewhat the rate of precession, the character—acceleration 
or retardation—and amount of this modification depending on 
the form of the top. 

The child’s hoop gives another familiar example of preces- 
sional gyration. While vertical it runs in a straight line with 
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the axis of spin SS horizontal; when, as shown in Fig. 4, it 
is tilted about an axis T7 in its plane and passing through its 
center of gravity G, it precesses about a third and vertical axis 
PP passing through the center of its circular track. As with 
the top, the continuous tilting couple is the weight acting at 
the center of gravity and the equal and opposite reaction at 
the ground. The initial tilting force is the pressure of the guid- 
ing stick. 
GYROSCOPIC REACTIONS. 


As has been stated, the pressure of the tilting couple on the 
axis of spin is opposed by reactions due to the inertia of the 
particles of the tilted disc. The resultants of these reactions 
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form a couple tending to produce precession. The precession 
couple thus generated balances the tilting couple through its 
reacting effect on the axle of spin. Again, by the principles 
of the Conservation of Momentum, the angular velocity of 
precession is evidently equal to the angular velocity of tilting 
about any axis which is perpendicular to the axis of spin. 

If unsteady motion and nutation be considered, the deriva- 
tion of formulae connecting gyroscopic torque and precession 
is a complex mathematical process. A much simpler way and 
one which suffices for most of the problems which engineers 
meet in practice, is that given by Professor Worthington in 
“The Dynamics of Rotation,” in which only steady motion 
is assumed and the derivation of the formulae is founded 
broadly on the Conservation of Angular Momentum. The 
discussion which follows is based largely on the methods of 
Professor Worthington. 

The forces which start precession are shown in Fig. 5. The 
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Side Elevation. Front Elevation. 
FIG. 5. 














axle of spin revolves toward the front and the tilting couple, 
applied in a vertical plane, tends to rotate it in a non-clockwise 
direction, when viewed from the front. There are thus two 
rotations given each particle of the disc, one about the spinning 
axis SS, the other about the tilting axis TT. By the princi- 
ples of Conservation, the angular momentum is constant in all 
four quadrants of fhe disc’s rotation. This momentum is 
equal to Jw, in which J is the moment of inertia of the disc 
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and ® is its angular velocity about the given axis, in this case 
the axis of tilting TT. 

In the first quadrant of the tilted disc’s rotation, the particles 
are receding from the axis 77, in passing from A to B. 
Hence, with regard to that axis, J is increasing, and, as J@ is 
constant, ® must be decreasing, that is, the resultant of all the 
reactions of the particles in this quadrant is a force R, which 
must act toward the right from some point in the quadrant in 
order to check the rotation of the disc about the axis TT. This 
follows from the fact that any force, acting on any quadrant 
of the disc, to level the axle SS will retard rotation about the 
axis T7', and that any force which tends to increase the tilting 
will accelerate the rotation about T7. Further, the direction 
of such a retarding force acting above the axis 77 must be to 
the right, and that of a retarding force below this axis, to the 
left; accelerating forces must act in directions the reverse of 
these. Hence, R,, being a retarding force above the axis, 
acts to the right. : 

In the second quadrant, in passing from B to C the par- 
ticles are approaching the axis 77, and, by similar reasoning, 
® must be increasing, and hence the resultant of the reactions 
is a force R, acting from some point in the quadrant and 
toward the left, thus accelerating the motion of the disc about 
the axis TT. Similarly, in passing from C to D and below 
the axis the particles oppose a checking reaction R;, acting to 
the left; and, in the fourth quadrant from D to A, there is an 
accelerating reaction R,, acting to the right. 

The resultant of the two equal forces, R, and R,, is a force 
R acting toward the right in the plane of the axis SS and from 
a point in the axis T7. The resultant of the two equal forces, © 
R, and R;, is a force R acting toward the left, also in this 
plane but on the other side of the axis SS. The two forces 
RR therefore form a couple, acting in the plane of the axis SS 
and tending to revolve that axle and the disc about the axis of 
precession PP as shown by the arrow a. If, when precession 
has once begun in this way, the same method of reasoning be 
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applied to the quadrants in their rotation about the axis of pre- 
cession, it will be found that this rotation and that of the disc 
about the axis of spin generates a couple about the axis TT 
which opposes and balances the tilting couple FF. 


GYROSCOPIC TORQUE AND PRECESSION. 


There are a number of ways of deriving the formulae con- 
necting gyroscopic torque and precession. Professor Worth- 
ington* gives a clear and simple method, as follows: 

In Fig. 6, OA = OB represents the axis of spin revolving 

P ® 


























Top View. 


about a precession axis passing through the center O and per- 
pendicular to the plane of OA and OB. Let/,,, and Jo, 
represent respectively the moment of inertia, angular velocity, 
and angular momentum of the disc about the axis of spin, and 
let @, be the angular velocity of the disc and its axle in their 
rotation about the axis of precession. 

On any convenient scale take OP = OQ = Ia,. Then 
PQ represents the increment of angular momentum during the 
time ¢ required for the axis of spin to rotate from OA to OB. 
If this time be taken as dt, OA and OB nearly coincide, and 
hence PQ may be considered as perpendicular to OA. Let 
M,. be the moment of the tilting couple. Then, the angular 
momentum added during the time dt is Mc X dt. Therefore, 


* Dynamics of Rotation, New York, 1897, p. 146. 
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PQ MX di 
OP” La, 


But, PQ/OP is the sine of the angle POQ, and, since that 
angle is indefinitely small, is equal to the angle. Again, since 
velocity time = space traversed, ®, X dt == arc AB = angle 
AOB = angle POQ. Therefore, 

angle POO = PQO/OP= a,dt = M_dt|Tw,, or Me = J, o. 

Let Mc be taken in pound-feet, the weight W of the rotat- 
ing mass in pounds, ®, and ®, in radians per second, N as the 
number of revolutions per minute of the rotating mass around 
tle axis of spin, k as the radius of gyration of the disc, and g 
as the acceleration of gravity. Then, if M—W/g be the mass 
of the disc, ] = Mk? = Wk*/g. Also,o, = 2% N/60. Sub- 
stituting : 





Wk No, 
307 





MM. 


which is, in most cases, a more convenient form of the equa- 
tion giving the relation of gyroscopic torque and precession. 

The moment Me is the gyroscopic moment—that of either 
the tilting couple or the couple causing precession or the effort 
to precess. The angular velocity ©, of precession is also, in 
general, the anyular velocity of tilting the disc about any axis 
perpendicular to the axis of spin. In starting from rest work 
is done bv the tilting couple on the disc, and the latter tilts 
somewhat before it resists fully and the angular velocity of 
precession is attained. Hence, strictly speaking, the for- 
mulae as above for Me are limited to the moment required to 
keep the disc precessing steadily after that action has begun. 
As the magnitude of the couple causing, or tending to cause, 
precession varies directly as the weight and speed of the spin- 
ning disc, and as the velocity of the latter is limited only by 
the stresses arising from centrifugal action, the power which 
can be developed in a relatively small space by gyroscopic 
action is enormous. In the gyro-stabilizer built for the U. S. 
Torpedo-boat Destroyer Worden, the axis of precession is 
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horizontal and the force developed by precession acts on the 
holding-down bolts of the apparatus. During preliminary 
trials at the Navy Yard, New York, the gyro was bolted to a 
bedplate weighing 67,000 pounds, and, when precessing, it 
easily tipped this plate. 


ACCELERATION, RETARDATION, AND DIRECTION OF PRECESSION. 


The equation for gyroscopic torque and precession may be 

written :* 

watt. 

To, 

Hence, the angular velocity of precession varies directly as the 
moment of the tilting couple and inversely as the velocity of 
the disc’s rotation around the axis of spin, that is, any de- 
crease—as by friction or by dying down—in the speed of the 
spinning disc or any increase in the moment of the tilting 
couple, as by added impressed force, will increase the rate of 
precession. Conversely, if the moment decrease or the ve- 
locity of spin increase the precession is retarded. 

If precession be wholly suppressed—as in the case shown in 
Fig. 2 by clamping the socket bearing D in Fig. 1—there will 
be no gyroscopic reactions in the disc, and the tilting couple 
will turn the disc, its axle, and the ring as freely as if the 
disc were not revolving. This reduction of resistance to tilt- 
ing exists always in greater or less degree, when precession is 
impeded, and the resistance disappears wholly when preces- 
sion is suppressed. As Professor Worthington points out, the 
turning over of the disc under the action of the tilting couple 
when precession is impeded is itself but a precessional motion 
induced by the impeding torque, which, in the case just cited, 
acts at the socket bearing D. In general, with gyrostats like 
the spinning top, the axis of the spinning body moves toward 
the vertical, in opposition to gravity, when the velocity of pre- 
cession increases, and vice versa. 

When the axis of spin is inclined and not horizontal as in 
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ships. With his apparatus a considerable movement of the 
ship was required before the gyro would act, and hence it 
modified but did not prevent rolling. 

Finally, Mr. Sperry has recently applied the gyroscope to 


the maintenance of the longitudinal and lateral stability of 
aeroplanes. x 


































U. S. FLEET COLLIERS PROTEUS AND NEREUS. 613 


U. S. FLEET COLLIERS PROTEUS AND NEREUS. 
DESCRIPTION AND TRIALS. 


By HENpDERSON B. Grecory, ASSOCIATE. 


Fleet Colliers Nos. 9 and 10, the Proteus and Nereus, were 
authorized by an Act of Congress approved June 24, 1910. 
The contracts for their construction were awarded to the 
Newport News Shipbuilding and Dry Dock Company, of 
Newport News, Virginia, and were signed August 29, 1911, 
the price being $990,000.00 each, and the time of construction 
twenty-two months. They were designed for a_ speed of 
fourteen knots, when carrying not less than 12,500 tons of 
cargo and bunker coal, corresponding to a displacement of 
about 19,000 tons, with the main engines developing about 
6,700 I.H.P. 

The construction of the vessels was in conformity with the 
Rules of the American Bureau of Shipping and the Rules of 
the United States Steamboat Inspection Service, and inspec- 
tion was carried out during their construction by the Inspector 
of Machinery for U. S. Navy, at the works of the contractors. 


PRINCIPAL HULL DIMENSIONS. 


Length over all, feet and inches........... 0... ccc cece eee eee ees 521-9 


between petpendiculars, feet and inches................. 500-0 
on load water line, feet and inches.................405- 502-154 
Beam, extreme, feet and inches.............cceeeeeceeeeeeeeees 62-214 
on load water line, feet and inches................eeeeeee 62-214 
moulded, feet and inches.............6..5. 12-8 ILEEh 8 62-0 
Mean designed draught. feet and inches................0ceeeees 27-6 
Displacement at designed draught, tons...............0ceee cece 19,080 
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Area of immersed midship section at designed draught, square 


yn CR ete tae MStae LER CO ERE CERES ee RE SORE Ob PORE TTD eR aie oP 1,684 

L. W. L. plane at designed draught, square feet........ 26,722 

Wetted surface at designed draught, square feet................ 48,900 
Coefficient of fineness, block. ............. ccc cece cece eee eeeeees 0.778 
midship section ............cce eee e ee eee 0.988 

load wrater WMG a 6. 6c sck ea seve usw eneae 0.863 


GENERAL DESCRIPTION OF HULL. 


The vessels are of steel, twin-screw, single-deck, self-trim- 
ming type, with topside ballast tanks and raised forecastle and 
poop deck. 

Navigating Bridges—There are two bridges located above 
and at after end of the forecastle deck. The upper bridge is 
open and fitted with steering gear and searchlight platform, 
on which is mounted one searchlight. The lower bridge is 
semi-inclosed with steering platform in center, and chart house 
and bridge cabin, port and starboard, respectively. 

Forecastle Deck.—This deck extends from the bow to frame 
No. 29, and on it are located the anchor windlass, two small 
booms for loading stores aboard and minor deck fittings. 

Poop Deck.—The poop deck extends from frame No. 136 
aft. On this deck is located a spacious deck house containing 
the officers’ quarters, wireless-telegraph room, officers’ and 
crew’s galleys, pantries and bakery. There is also a small 
steam capstan aft of the deck house. 

On top of the deck house are carried the boats, swung in 
davits at the vessel’s side, and also a small coaling winch for 
the after steaming bunkers. 

- Upper Deck.—The upper deck is continuous from the stem 
to the stern. It is a weather deck from frames No. 29 to 
No. 139. Under the forecastle are located the lamp room, 
paints and oils room, windlass engine, berthing space and 
crew’s water closets. On the weather portion of this deck are 
the hold hatches, coaling winches and A-frame towers for the 
coaling gear. The forward and after towers are fitted as 
masts for lights, signal purposes and wireless outfit. Aft 
under the poop deck are the executive officer’s and chief en- 
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gineer’s offices, crew’s and firemen’s wash rooms and water 
closets, crew’s and chief petty officer’s quarters, hospital and 
steering-gear room. 

Berth Deck.—The berth deck is interrupted between frames 
No. 34 and No. 162 by the cargo holds and machinery spaces. 
Forward are a storeroom and spare berthing space, and aft 
are located the engineer’s stores, refrigerating and dynamo 
machinery, crew’s and spare berthing space. 

.Lower Deck.—lLike the berth deck, the lower deck is small 
in area, extending from the bow to frame No. 34 forward, 
which space is completely occupied by storerooms, and from 
frame No. 175 aft, where are located the refrigerating rooms, 
stores and fresh-water tanks. 

Hold.—From forward aft the hold contains the following: 
Forepeak tank, chain locker, pump room (not equipped), holds 
for stores, cargo-coal holds, steaming-coal bunkers, boiler and 
engine rooms and the after-peak tank. Under the boiler room 
are located the reserve feed tanks. Holds Nos. 1 to 8 are 
constructed to carry cargo oil, but the piping and pumping 
equipment for same is left for future installation. 


BOATS CARRIED. 


The following small boats and life rafts are carried on top 
of the deck house and in davits at the ship’s side: 

1 33-foot sailing launch with power; 

2 28-foot whale boats; 

1 21-foot power dory; 

1 20-foot dinghy; 

1 14-foot punt; 

2 16-foot 8-inch life rafts. 


DECK MACHINERY. 


Anchor Windlass—A Hyde steam anchor windlass is lo- 
cated on the forecastle, with engine below on the upper deck. 
The engine is of the vertical type with two steam cylinders 16 
inches diameter by 12 inches stroke each. 
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Steering Engine—The steering engine is located on the 
upper deck aft of the crew’s berthing space. It is the Hyde 
Steam Windlass Company’s horizontal type with two steam 
cylinders 10 inches diameter by 8 inches stroke each. 

Capstan.—Aft of the deck house on the poop deck is a Hyde 
capstan operated by a horizontal steam engine with two cylin- 
ders 8 inches diameter by 8 inches stroke each. 


COALING GEAR. 


Twenty-four Mead-Morrison coaling winches are located 
on the weather portion of the upper deck, in five groups of 
four and two groups of two winches each, as shown in Figure 
1. They are arranged, one grab and one swing winch per 
hatch, except for the four small hatches forward, which are 
served in pairs by the same two winches. There are ten large 
hatches to the main holds. Each winch has double steam 
cylinders, 10 inches diameter by 12 inches stroke each for the 
grab winches, and 8% inches diameter by 10 inches stroke 
each for the swing winches. ‘The gear is operated by one man 
per winch. 
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A = Grab or hoisting winches. B = Swing or transverse travel winches. 


FIG, 1.—ARRANGEMENT OF COALING WINCHES AND HATCHES 
U. S. F. C. ‘‘PRotEus’”’ AND ‘‘ NEREUS.”’ 


There is also a small winch on top of the deck house aft 
for loading bunker coal. It has two steam cylinders 8% 
inches diameter by 10 inches stroke each. 

Seven A-frame towers, each about 50 feet high above the 
upper deck, are erected, one over each group of winches. 
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These towers form the supports for the booms, stays and run- 
ning gear used in loading and discharging cargo coal. The 
after tower is also used for loading bunker coal. There are 
four steel-girder booms of box section pivoted to each tower, 
two port and two starboard, except the forward tower, which 
has but two, one port and one starboard. These booms are 
suitably guyed and support the cables on which the coal con- 
veyors travel. 

The coal is handled by mechanically operated . clamshell 
buckets of the Mead-Morrison type, each of one ton capacity. 

The contractors guaranteed a discharging capacity of 75 
tons per hour per hatch, when discharging from all hatches 
simultaneously, which guarantee was easily exceeded on the 


trials conducted. 
VENTILATION. 


Cowls in number, location and size, as required for an effi- 
cient system of natural ventilation, are provided. 


HEATING SYSTEM. 


All living spaces, offices, bridge houses and quarters are 
steam heated in accordance with the usual practice. 


STEAM FIRE—EXTINGUISHER SYSTEM. 


A steam fire-extinguisher system is provided, consisting of 
1!4-inch independent connections to each hold. Steam is 
taken off the deck auxiliary steam line with a stop valve at 
each connection to the main cargo-coal hold. The steam to 
the eight forward holds, which may be used for oil, is con- 
trolled by an eight-valve manifold just aft of their hatches. 


FIRE MAIN. 


The fire main is supplied by a 5-inch connection from the 
fire and bilge pump and one of 7 inches from the ballast pump. 
It is also cross-connected with the sanitary system by a 3%4- 
inch branch aft. The fire main and topside ballast system are 
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in common. Varying in diameter from 7 to 3% inches, it 
extends fore and aft on the upper deck, port and starboard, 
with hose valves conveniently located on the mains, and 
branches to the various parts of the vessel requiring hose plugs 
for fire protection and general purposes. All hose plugs are 
for 2%4-inch standard fire hose. 


DRAINAGE, PUMPING AND FLOODING SYSTEMS. 


An efficient drainage, pumping and flooding system is pro- 
vided for the double-bottom tanks, topside ballast tanks, peak 
tanks and compartments requiring drainage. The tanks are 
filled and emptied through piping connected through mani- 
folds to pumps in the engine room, except the fore-peak tank, 
which is emptied by a small 6-inch & 534-inch X 6-inch hori- 
zontal, duplex pump, located in the pump room forward; and 
the topside ballast tanks, which drain overboard direct, through 
valves operated from the weather deck. The above men- 
tioned pump also has a suction connection to the chain-locker 
bilge well. 

The topside ballast tanks on each side of the vessel are 
filled by pipes run on the upper deck with a branch and valve 
to each tank. ‘These pipes are also used as the fire main, and 
have a branch from the starboard main for filling the fore- 
peak tank. 

The usual strainers are fitted in all drainage suction pipes 
to guard against coal dust, dirt, etc., choking the pipes or en- 
tering the manifolds and pumps. 

The double-bottom reserve feed tanks have connections only 
to the fresh-water pumps, and have filling pipes from the ship’s 
side. 


SANITARY SALT AND FRESH—WATER SYSTEMS. 


The salt-water flushing system is connected to the sanitary 
and distiller circulating pumps in the engine room. It is also 
cross-connected with the fire main aft. It supplies salt water 
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to all water closets, galleys and to the firemen’s and crew’s 
lavatories and showers. ; 

The fresh-water system is supplied by a gravity tank on top. 
of the deck house, filled by a fresh-water pump located in the 
engine room. ‘This pump also supplies fresh water to the hot- 
water heater in the engine hatch, and thence to the various 
lavatories fitted for hot water. The hospital, all bath tubs, 
wardroom and warrant officers’ showers, are fitted with hot 
and cold fresh water, also one shower in the firemen’s wash- 
room. The firemen’s and chief petty officers’) washbasins 
have cold fresh water, and there is an independent cold fresh- 
water faucet in the crew’s washroom. ‘The galleys, pantries 
and bakery have fresh-water connections. 

The firemen’s and crew’s washrooms have two steam con- 
nections each for heating water in buckets, and the sinks in 
the galleys, pantries and bakery are provided with steam pipes 
for heating the water. 

The ship’s fresh-water tanks are located on the lower deck 
aft. They have filling connections from the distilling appa- 
ratus and the ship’s side, and suction connections to. the fresh- 
water pump.-in the engine room. 


MAIN ENGINES. 


The main propelling machinery consists of two vertical, in- 
verted, direct-acting, three-cylinder, triple-expansion engines, 
placed abreast, port and starboard, in a common compartment, 
as shown in Figure 2. The engines turn outboard when run- 
ning ahead. They are designed to develop about 6,700 I.H.P. 
.when running at 95 revolutions per minute, with a steam pres- 
sure at the H.P. valve chest of 195 pounds gage. 

The sequence of cranks is H.P., I.P. and L.P., all crank 
angles being 120 degrees. 

The cylinders are of cast iron, the H.P. alone being fitted 
with liners, and none are jacketed. 

The housing and bedplates are of cast iron, the former of 
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the inverted Y-frame type bolted to the cylinders and bed- 
plates at top and bottom, respectively, and carrying the cross- 
head guides. The latter are of the box-section type, faced 
for the reception of the housings and supporting the main 


‘bearings, which are lined with white metal. 


All pistons are of cast iron of the flat box-section design, 
fitted with packing rings and followers. 

The piston rods and connecting rods are of forged steel. 
To the former are secured forged-steel crossheads of the dou- 
ble-slipper type, which in turn carry the crosshead slippers, of 
cast iron and lined with white metal, on both the go-ahead 
and backing faces. 

The valve gear is Stephenson double-bar links, with linking- 
up screws for changing the point of cutoff. The H.P. and 
I.P. cylinders have one piston valve each, and the L.P. cylin- 
der a double-ported slide valve. All valves are provided with 
balance cylinders, that for the L.P. slide valve being of the 
Improved Lovekin Assistant Cylinder type. The eccentric 
rods and valve stems are of forged steel, actuated by cast-iron 
eccentrics secured to the crank shafts. The eccentric straps 
are of cast steel lined with white metal. 

All piston rods and valve-stem stuffing boxes are metallic 
packed. 

Reversing Gear—Each engine is provided with a reversing 
engine of the direct-acting type connected through connecting 
rods to the reversing-shaft arms, the shaft in turn connecting 
to the links by arms and suspension rods. The gear is con- 
trolled by a floating lever operated at the working platform. 

Turning Gear.—The customary turning gear is fitted on each 
engine, consisting of a single-cylinder engine with cylinder 8 
inches diameter by 6 inches stroke, driving an intermediate 
worm shaft, which engages a worm wheel driving a shaft 
connected to a secondary worm driving a worm wheel attached 
to the main-engine crank shaft. 

Lubricating Gear.—All working and moving parts of the © 
main engines are efficiently lubricated by wick-feed distribu- 
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tion boxes located on the main cylinders and fitted with brass 
tubes leading to the various parts requiring lubrication. 

Water Service.—A water service is provided for the main 
bearings, crank pins, crosshead guides and pins, and the thrust 
bearings. Cooling water for the guides and crosshead pins is 
taken from the sanitary system and that for the other parts 
from the main circulating pumps. 


A Main Engine Data. 

DiameterOf EicP: cylinder wees 2 65 Siedivic oan 595 400 eo cece baa so vle.a 26 
LP CVMGET; ARCHES os ox siseesicoiks ose Dccuye pe oaks 4314 

Li Poceylinder;) amecties o2 3 ise. iie iaids  Osaesies Sobiee cans 74 

SERGE RRORES Soo oc Sina dick 5 «Sale be wi alse Baca he mae WAR mT Ee ee 48 

Piston cod; .GiaMeren NCHS oie o's eis casos sie cate pli t cosine w vie egy vince 6 
Connecting rod, diameter, crosshead end, inches................06. 554 
crank end, inches.............eeeeeeee 14 

length between centers, inches.............s.es00% 108 
NN PAR le in g's Vistar gti ong o wsace gene Maion 6 0 enghagscelointtte 1:4.5 

Didmetér, throvle Valve, mhetes.-35 205 Fe aS oe Cee ee ies 9 

1st receiver pipes (2), inches..............cseceeeeeeees 13 
DE TOCCIVOR DOR irc lop. oie in hnceih.s- «pin cbineee dee none fitted 

atin EXHAUST PIPE; IMCHES S65 a o-- 6's. 55's ace bie Biola piece pis sig oo os 26 


SHAFTING AND BEARINGS. 


There are two lines of shafting of three sections each sup- 
ported by proper bearings. The crank shafts are of the built- 
up type, and of solid forged steel throughout. The thrust and 
tail shafts are solid forged steel, the latter being composition 
cased in wake of the stern tube and bearings. 

The crank-shaft couplings and forward coupling of the 
thrust shaft are of the ordinary disc type, forged. solid with 
the shafts, and that between the thrust and tailshafts is of the 
split-sleeve type, of cast steel, secured to the shafts by four 
feather keys and twelve bolts each. 


Shaft Data. 
Crank shafts, diameter, inchéS...............cc ccc cccccccccececes 14% 
length, feet and inches.............ccceeccceceeees 23-0334 
Maher OF GLARE ops) woo 97s sole hn co cec te cinpindas cece 3 
throw of cranks, inches.............esecceeccesecs 24 


angle between cranks, degrees............ceeeeees 120 
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Crank pins, diameter, inches............cee ete eee cee cece eeeeeees 14% 
ROSE “INORG ite. 565s ois tis. g,d< cc sdes ada abe ercanagued 14 

Coupling discs, diameter, inches............. 00. c cece cece ee eeus 2814 
thickness, inches .....0...0. 6000 UI as 04 
bolts, number each coupling.............. cece eee eee ees 6 

diameter at face of coupling, inches............. 03% 

Thrust shafts, diameter, inches..............cccceeceecceeeceees 144% 
length, feet and inches..................c eee eee 15-08 
collars, number i. 660 6c656066 66 688805. OPES OS 10 

thickness, inches ..............cececeees 02% 
space between, inches.................... 05 

outside diameter, inches................. 23% 

inside diameter, inches................... 144% 

bearing surface, sq. ins...............4. 2,686.1 

Tail shafts, diameter, inches...............cceeecececees ole wa oat 15% 
length, feet and inches..............cccccceccccvees 48-00 


Bearing Data. 


Crank-shaft bearings (White metal lined): 


Number, each: shaft jos)... Jaci colon ds elias. leis deh 6 
Did mehes citicWO eo oid 5, 65 isd manele cigs tic abies boumannd auaeleke 144% 
Length: INCHES eo 5h ok as ee os pans Conc cane 3 of 15,2 of 18 and1of 20 


Thrust bearings (White metal lined bearings and shoes): 


Diameters) ittehes:\ ocaui S035. are kee, ITI 144% 
Length, inches: i iss cp 646 stn cast 1nd skgiciohuids ncauebabeee 15 
Thrust shoes, number each..... seats Bere Wee ca ph eek eee ee 10 
effective surface, sq. imS.............cecceceeees 1,808.7 
Stern tube bearings (Lignum vitae lined) : 
Forward, diameter, inches............cccccccvecccceccevevcecs 16% 
POTMED IAGHOS cori oy oc sis ag hice chess chate MAME Page lacs 30 
PIU, UN ME Tc ccs ci deyimsticctcceesssccctectaprene? 16}3 
length intthestity. 20; [20009 A. BOP APHIS 36 
Strut bearings (Lignum vitae lined) : 
Diasivetet: WCnees etc. wae sides cs wai cc a bane cc den Gen ckeiks 16% 
RPCMSED; (OHIOR NTT es Coren ec Renee Ren ates nec le oe ieee 60 


PROPELLERS. 


There are two true-screw three-bladed propellers of the ad- 
justable-pitch and detached-blade type. The hubs are of semi- 
steel and the caps of cast iron. The blades are of manganese 
bronze secured to the hubs by seven studs each. The pro- 
pellers have a taper fit on the tail shafts, and are secured by a 
key and cast-steel nut: 


> re PT nS OEB SII DIP AIRE a a ect 


aE wl a ne mcr an em a a i 
BOL ALR te ALLE EOD BALSA LATO AA RATA ETE TEEIE CA OE AO ARES LOO EL IN 





Etat ODI ABALONE IN PEATE 





624 U. S. FLEET COLLIERS PROTEUS AND NEREUS. 


Propeller Data. 


Diameter; feet and inches. : 2.006050 5. pablniie cease eredboc ses 16-06 
Pitch as set, feet and inches..............cc cee ceceee eee eeees 16-05 
PMNS sind s-s Gis Gees ics boleh O's 2 Sodan adjustable from 14.21 to 18.62 
Ratio of diameter: to pitch; 0... jcce en cies sserprie sts cw ephajeamiie eee 0.9954 
Projected area, square feet............ ccc cece cece eet e ee eeees 79.11 
Helicoidal area, square feet............ cece cece ceeeee eee ees 90.6 
DWC AeA, SdUaTe FECES esos ss oc csccec cs siddleniiee <hantions «6 213.8108 
Height of lower tip of blade above keel, inches............... 13.25 
Immersion of upper tip of blade at load draught, inches....... 118.75 


MAIN CONDENSING APPARATUS. 


Main Condenser.—There are two independent, cylindrical, 
surface, main condensers located one outboard of each main 
engine. The shells and heads are of cast iron, tube sheets of 
rolled brass, and tubes of solid-drawn brass, No. 16 B.W.G. 
thick, 5g-inch outside diameter and 8 feet 6 inches long be- 
tween tube sheets. The lower nest of tubes is expanded in the 
after tube sheet and secured in the forward tube sheet by the 
usual screw glands and packing. The upper nest of tubes is 
fitted in reverse manner. ‘There are 3,239 tubes in each con- 
denser, giving a total cooling surface in each of 4,500 square 
feet. 

Main Circulating Pump and Engine.—The circulating water 
is supplied each condenser by a double-inlet cast-iron cen- 
trifugal pump, having a composition runner 42 inches in 
diameter. The suction and discharge connections are 16 
inches in diameter. Each pump is driven by a single, vertical, 


reciprocating engine, cylinder 8 inches diameter by 10 inches 
stroke. 


Main Air Pumps.—The main air pumps, one for each con- 
denser, are attached to the main engines and operated from the 
I.P. crossheads, by the customary levers and rock shaft. They 
are of the Edwards type, and have 26-inch single water cylin- 
ders by 21-inch stroke. The pump body and buckets are of 
cast iron, brass lined and fitted with brass valves throughout. 

Feed and Filter Tank.—A feed and filter tank is located 
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in the forward port end of the engine room. The filter is 
divided into four chambers filled with filtering material, and 
fitted with partition plates so arranged that the entering water 
will flow alternately under and over the plates, leaving the 
filter over the top of the last plate, thus assuring the filtering 
material being always submerged. 


ENGINE-ROOM AUXILIARIES. 


Bilge Pumps.—There are two bilge pumps of the plunger 
type, 5 inches diameter by 21 inches stroke, attached to each 
main air pump and driven from their crossheads. 

Auxiliary Condenser.—There is one auxiliary condenser of 
cast iron with rolled-brass tube sheets. It contains 856 seam- 
less-drawn brass tubes of same size as those of the main con- 
densers. Its cooling surface is 901 square feet. 

Auxiliary Circulating Pump.—The auxiliary condenser is 
provided with an independent centrifugal circulating pump, 
with 32-inch runner, driven by a single-cylinder, 5-inch by 6- 
inch engine. The pump casing is of cast iron and the runner 
brass. 

Auxiliary Air Pump.—One vertical, simplex, double-acting, 
featherweight air pump of the Blake type, is provided for the 
auxiliary condenser. The steam cylinder is 714 inches diam- 
eter, air cylinder 14 inches diameter, by a common stroke of 
10 inches. 

Main Feed Pumps.—There are two main feed pumps lo- 
cated on the forward bulkhead of the engine room, port side. 
They are Blake, vertical, simplex, double-acting pumps, with 
14-inch steam cylinder, 9-inch water cylinder by 24 inches 
common stroke. Each pump draws from the main feed tank 
and discharges to the main boilers through the feed-water 
heater and main feed line or via auxiliary feed line by-passing 
the heater. 

Auxiliary Feed Pump.—An auxiliary feed pump is located 
just outboard of the main feed pumps. It is of the same de- 





A iM NRE AIDS DCE POEL PR ORO IN 














— susponsantstnsade na 
[PEASE AAO ES EN AIOE CEES BEE BEET ac —— 





626 U. S. FLEET COLLIERS PROTEUS AND NEREUS. 


sign and size as the former. In addition to the connections 
noted for the main feed pumps it has suctions from the main 
condensers, boilers and reserve feed tanks, and discharges. 
overboard and to the main feed tank. 

Donkey-Boiler Feed Pump.—A small Blake, horizontal, du- 
plex, double-acting feed pump is provided for the donkey 
boiler. It has 44-inch steam cylinders, 234-inch water cylin- 
ders and a common stroke of 4 inches. It has suctions from 
main feed tank and reserve feed tanks, and discharges to the 
donkey boiler and the auxiliary feed main. 

Fire and Bilge Pump.—A Blake, horizontal, duplex, double- 
acting, fire and bilge pump is provided, with 10-inch steam 
cylinders, 7-inch water cylinders and a common stroke of 12 
inches. The pump has suctions from sea, drainage system 
and engine-room bilge, and discharges to the fire main and 
overboard. 

Ballast Pump.—The ballast pump is of the Blake, horizon- 
tal, duplex, double-acting type, with 14-inch steam and water 
cylinders and common stroke of 12 inches. The pump has. 
suctions from the sea, ballast system and drainage system, and 
discharges to the fire main, overboard, ballast system and main 
condenser circulating water. 

Sanitary Pump—A Blake, horizontal, duplex, double-act- 
ing pump is provided for the sanitary system. It has 6-inch 
steam cylinders, 534-inch water cylinders and a common 
stroke of 6 inches. It has a suction from the sea and dis- 
charges to the sanitary system, engine-water service and dis- 
tillers, and to the fire main via the sanitary system. 

Fresh-Water Pump.—The fresh-water system is provided 
with a Blake, horizontal, duplex, double-acting pump, with 
5%4-inch steam cylinders, 434-inch water cylinders and com- 
mon stroke of 5 inches. It has a suction from the fresh- 
water tanks and discharges to the gravity tank, on top of the 
deck house, and to the hot-water heater in the engine hatch. 

Feed-Water Heater —A-Reilly multicoil feed-water heater 
is located in the port forward corner of the engine room, 
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above the feed pumps. It is connected to the main feed line 
only. The heating agent is the exhaust steam, a back pressure 
being kept in the auxiliary exhaust line for this purpose by 
means of a spring-relief valve at each condenser connection, 
opening toward the condenser. 


BOILERS AND APPURTENANCES. 


Main Boilers.—There are three main boilers, of the hori- 
zontal, double-ended, Scotch type, arranged abreast in one 
compartment. Each furnace has an independent combustion 
chamber. The general particulars of the boilers are given 
below. 

Donkey Boiler —A donkey boiler of the vertical, cylindrical, 
fire-tube type, is located in the boiler hatch, above the main 
boilers at the berth-deck level. The general characteristics of 
the boiler are given below. 


Boiler Data. 
Main (each). Donkey. 


Working pressure, pounds gage.............. 200 200 
Mean diameter, feet and inches............... 15-09 7-00 
Length of shell, feet and inches.............. 21-0514 se 
Height, external, feet and inches.......2..... 00.2... 11-00 
Thickness of shell, inches................0005 017°; 003% 
Furnaces, types sicesi. . dice. ear ecwala dy eee Morison Cylindrical 
corrugated 
MUNDER Ss ee Gaba oa ks oe aw eS 8 1 
diameter, inside, feet and inches..... 3-04 6-02 
thickness, inch. .........0. 0.000.005 0c} 004% (stayed) 
Grates, length, feet and inches............... 5-041 circular 
width, ches |. 6 ee lb oe cee 40 6’ 1” diameter. 
Grate surface. square feet.................085 143.33 30 
Heating surface, square feet.....0....000s.005 6,164 628 
Ratio grate surface to heating surface........ 1:43 1:21 
Clear area through smoke pipe, square feet... 85 4.91 
Clear area through smoke pipe to grate area.. 5.06:1 6.11:1 
Tubes, material. ...5.0..0. ccc cs ee ccc eben eee charcoal iron, lap wélded 
number, ordinary..............0¢0000+ 332 216 
5 gee Pea oy UAE eee Oba he tere? 132 55 
diameter, all, inches.................. 02% 02 
thickness, ordinary, B.W.G...)........ 11 12 
stay, inches or B.W.G...... 0043 08 


length between tube sheets, ft. and ins 7-07 5-0354 
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Main (each). Donkey. 


Diameter, boiler stop valve, inches........... 6 & 9* 03 
safety valves, inches ............. 04% triple 0214 
feed, stop and check valves, inches. 03 01% 
bottom-blow valves, inches......... 02 01 
surface-blow valve, inches......... as ag ete 


* Each outboard boiler has a 9-inch stop valve and the center boiler two of 6 
inches each. 


Uptakes and Smoke Pipes——The main boilers are connected 
by suitable uptakes to one smoke pipe, 10 feet 9 inches diam- 
eter by 90 feet high above the grates. The uptakes and smoke 
pipes are double cased, with air space between casings. The 
smoke pipe is stayed by ten wire-rope guys, arranged in two 
rows, upper and lower, of four and six guys, respectively. 

On the front of the smoke pipe is a ladder, extending from 
the top of the boiler hatch to the top of the pipe, also a whistie 
and a siren located about 15 feet from the top of the pipe, and 
on the rear is a 14-inch escape pipe. 

The donkey-boiler smoke pipe and galley pipe, 30 inches 
and 11 inches diameter, respectively, are led inside and to the 
top of the main smoke pipe. 


FIREROOM AUXILIARIES. 


Forced-draft System.—A closed ash pit, heated-air, forced- 
draft system is installed for the main boilers. The air is sup- 
plied by two 60-inch Sturtevant, double-inlet, multivane fans, 
each driven by a vertical, single steam engine, with 7-inch 
steam cylinder by 4-inch stroke. The blowers are located as 
shown in Fig. 2. The air is drawn from the firerooms and 
delivered to the boilers through ducts, connected to heater 
boxes in the uptakes, where it is heated before delivery to the 
ash pits. 

Ash Dischargers.—Two under-water, horizontal, hydraulic, 
ash dischargers are installed, one in each fireroom. ‘The ap- 
paratus is fully described in an article by Mr. F. P. Palen, 
appearing on page 366, August number, of this volume of the 
JouRNAL, to which the reader is referred. 








































U. S. FLEET COLLIERS PROTEUS AND NEREUS. 629 


Ash Hoist.—In addition to the ash dischargers mentioned 
in preceding paragraph, the starboard ventilator in the ‘after 
fireroom is arranged for hoisting ashes in a bucket by means 
of a steam ash hoist of the ram type. 


MAIN STEAM PIPING. 


The main steam piping is of seamless-drawn steel tubing. 
It is 9 inches in diameter and leads aft from the boilers to the 
engines in two symmetrical lines, port and starboard. Steam 
is supplied through a 9-inch connection from each of the out- 
board boilers, and two 6-inch branches from the center boiler. 
The mains have a 7-inch cross-connection in the engine room. 
Stop valves are fitted at the forward engine-room bulkhead, at 
the boilers and in the cross-connection. 


AUXILIARY STEAM PIPING. 


The auxiliary steam piping is in two distinct circuits as 
given below. It is of seamless-drawn steel, and that exposed 
to the weather is galvanized. 

From the main steam pipes in the engine room, with stop 
valves at the mains, 5-inch branches form a common loop 
around the engine room, reducing in size as they lead aft. 
From these pipes branches are taken to the various engine- 
room auxiliaries, distilling apparatus, refrigerating and dy- 
namo plants, steering engine, capstan and after fireroom 
blower. This line is also supplied by a 3-inch connection from 
the donkey boiler. 

In the fireroom there is a 6-inch branch from each main 
steam line, with stop valves at the lines, which lead up the 
boiler hatch and unite into a common 6-inch pipe. From this 
pipe there are two branch connections, one to the forward 
blower, ash-discharger pumps, etc., and the other, of full size 
with stop valve, is led to the upper deck, where it is carried 
forward along the deck, port of the coaling hatches, with 
branches to the coaling winches and windlass engine. 
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AUXILIARY EXHAUST PIPING. 


The auxiliary exhaust pipe is of wrought iron, that exposed 
to the weather being galvanized. A main, varying in size 
from 9 to 7 inches in diameter, is led throughout the machin- 
ery space, with connections from the various auxiliaries as 
required. The main is connected to the main and auxiliary 
condensers, there being a spring-relief valve opening toward 
the condensers at each connection. 

The deck exhaust pipe, ranging in diameter from 5 to 9 
inches, is led along the starboard side of the upper deck just 
outboard of the coaling hatches, with connections from the 
coaling winches and windlass engine, and down the boiler 
hatch to the 9-inch auxiliary exhaust line in the fireroom. 


BOILER FEED SYSTEM. 


The main and auxiliary feed pumps, each, have a 4%4-inch 
suction from the 6-inch feed-tank suction pipe. Each pump 
has two 4-inch discharge connections, one to the main and the 
other to the auxiliary feed line: The main feed line is 5 
inches in diameter and discharges via the feed water heater to 
the boilers. The auxiliary feed line is of same size, but does 
not connect to the heater: All feed connections at the’ boilers 
are 3 inches in diameter. The feed discharge pipes are of 
copper and the suction pipes wrought iron. 


INTERIOR COMMUNICATION. 


The customary engine and fireroom telegraphs, gongs, voice 
tubes, etc., are fitted for transmitting orders and signaling 
to the machinery compartments and other parts of the vessels. 


EVAPORATING AND DISTILLING PLANT. 


Two evaporators and two distillers are provided, having a 
combined capacity of 8,000 and 4,000 gallons, respectively, in 
twenty-four hours. The former are located in the after end 
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of the engine room, and the latter in the engine hatch. They 
are of the Reilly multicoil type, and operate in single effect. 

Steam for the evaporator is taken off the auxiliary line, and 
the distiller fresh water is discharged by gravity to the fresh- 
water tanks and to the fresh-water filling manifold. 

Distiller circulating water is supplied by a Blake, horizontal, 
duplex, double-acting pump, with steam cylinders 6 inches in 
diameter, water cylinders 534 inches in diameter and common 
stroke of 6 inches. The evaporator feed pump is of same 
type, with 414-inch steam cylinders, 234-inch water cylinders 
and common stroke of 4 inches. 


ELECTRIC PLANT. 


The dynamos are located on the berth deck, starboard of the 
engine hatch. The installation consists of two lorizontal, com- 
pound-wound, multipolar, direct-current, 25-kilowatt, General 
Electric generators, each driven by a cross-compound steam en- 
gine, with cylinders 614 and 10% diameter by 7-inch stroke. 
Each generator will deliver at normal load 200 amperes of 
current at 125 volts, when running 400 revolutions per minute. 


REFRIGERATING PLANT. 


A Brunswick ammonia compressor, of 2 tons’ capacity, di- 
rect connected to a 5%4 by 7-inch Wach’s.steam engine, is lo- 
cated on the berth deck, port of the engine hatch, together 
with condenser, ammonia received and all appurtenances, ex- - 
cept the condenser circulating-water pump (Blake, horizontal, 
duplex, double-acting, with 6-inch steam cylinders, 4-inch 
water cylinders and common stroke of 6 inches), which is lo- 
cated in the engine room. 

The refrigerating rooms are located on the berth deck just 
below the ice-machinery room. 


TRIALS. 


The contracts required the following trials for each v-ssel: 
(a) A progressive trial over the measured-mile course at 
the Delaware Breakwater for standardizing the screws, ex- 
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tending from maximum speed down to a speed of 8 knots; 
fourteen runs to be made over the course in order to ade- 
quately cover the range of speeds desired. 

(6) A full-speed trial of 18 hours’ duration in the open 
sea in deep water, at the highest speed attainable, which speed 
shall be not less than an average of fourteen knots an hour, 
to be determined by the average revolutions of the main shafts, 
according to the official standardization curve. During this 
trial the air pressure shall not exceed an average of 1% inches 
of water, and the steam pressure at the H.P. valve chest shall 
not exceed 195 pounds gage. 

(c) Complete trials of the coaling appliances and apparatus 
on the vessel will be made, to demonstrate whether or not they 
fulfill the guarantees contained in the specifications for the 
rapid and efficient coaling of vessels alongside or to storage 
on a wharf. ° 

The mean trial displacement of the vessels shall be that cor- 
responding to the vessels complete, with all permanent and 
portable fittings of every kind, with all machinery and all aux- 
iliaries, both steam and electric, piping, tools, spare parts, etc., 
complete, as usually carried on board in service; with outfits 
of all kinds complete; and with 12,500 tons of bunker and 
cargo coal, 100 tons of reserve feed water, 20 tons of drinking 
water, 130 tons of stores and crew. 

The trials of the Proteus took place in June and those of the 
Nereus in September of this year. Generally fair weather 
prevailed, and the trials were satisfactorily completed, with all 
requirements exceeded. 

Standardization Trials—The standardization trials were 
run on the Delaware Bgeakwater measured-mile course, on the 
dates noted in Tables I and II. Each vessel made fourteen 
runs over the course at various speeds, but in the case of the 
Nereus runs Nos. 10 and 11 were thrown out; the tide chang- 
ing during these runs, rendering the data uncertain. Tables I 
and II give the principal data obtained,—from which the 
curves, Figure 3, were plotted. From the official curves it was 
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NUMBER OF RUN / 2 3 4 st 4 7 é Pf wO\|4\ 4 


249 | 56.5| 321 | 432| 44 | 46 | 6\ 227 


STAPB0. ENGINE 
Ponr ENGINE 
MEAN 


S7aneo. ENGINE 
FPoarr ENGINE 
7201 





TABLE I.—STANDARDIZATION TRIAL, DaTaA, U. S. F. C. ‘‘ PROTEUS.”’ 


Nomeen or run / 2 3 4 s é 7 e I 42 | 43 | /4 


TIME ON COURSE: ANNs. Sf 4 é 4 
Sées. W.2 | F9S| $92 | 25.9 | 49.7 | 65 | FSF 
favs. 7060 /-ANOT: 
S7ARBO. ENGINE 
PORT ENGINE 
MEAN ~ 
evs. Pet MINUTE . 
S7Ar80. ENGINE 
FPorT ENGINE 
MEAN 
SNOICATEO Honsé POWER: 
S7A#80. ENGINE 758 | 674 | 657 | /#80 
Porr ENGINE 608 | $83 | 606 |\/352 
Tova 


a 4 3 4 
45.7 | $48 | 22 





TABLE II.—STANDARDIZATION TRIAL DaTa, U.S. F. C. ‘‘ NEREUS.’’ 








FroTeus | NEREUS 
GOAT EOF TRUBE 5 TPE oi a dbcen os wcndguwands Sunenen JUNE 278.28) SEPT. 34-4 
AVERAGE 7.221, STARBO. ENGINE .....----+------------------ 100.86 98.82 
FORT ENGINE _.....--.------+ Pe Pes giins Siptoc ety 2 102./4 99.27 
BOTH ENGINES.....- = 22-22 ew ee wen enn nee 401.5 99.07 
STEAM PRESSURE AT BOILERS, POUNDS GAUGE _....--- 202.3 SITS 
ENGINES, POUNDS GAUGE._...-. 89.5 192.3 
AlR PRESSURE /N ASH F178, INCHES OF WATER... ---: 0.89 O.98S 
VACUUM, STARE). CONDENSER, INCHES OF MtERCURY..4 26.3 26.44 
SORT CONDENSED, INCHES OF MIERCURY....) 26.02, 26.52 
LAP, STARBDO. ENGINE 22020 vane ne eee nnn n- enn nee Cavuseecos I473 II4S 
FORT CINE SS RS hs ee JI734 S558 
Bh RASS RR aa Ragan seas res ed a ETE NEES pe OS PEERY rt io 7207 904 
MIEAN ORAUGNT ON TRIAL, FEET ANO INCHES.....--------- 27-28 | 27-39% 
CORR ESPONOING LUISPLACEMENT, TONS ..-.-..---------- 78,933 | 78,838 
MEAN SPEEO IN ANOTS 22 2 enn ene een ee + + S4.67TS \ S4ASIS 
SL/P OF PROPELLER, FET? CENT. OF OWN SPEEO, STARRED... ~~ 10.19 8.97 
FORT 10.64 

















TABLE III.—DaTa OF 18-HouRs’ FULL-POWER TRIALS, U. S. 
FLEET COLLIERS ‘‘ PROTEUS’? AND ‘* NEREUS.’’ 


found to require an average of 96.2 and 94.55 r.p.m. of both 
main engines, for the Proteus and Nereus, respectively, to give 
the contract speed of 14 knots. 

Eighteen-Hours Full-Speed Trials—The full-speed trials 
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YS. Freer Co..itrs PROTEUS ANO NEREUS. 
REVOLUTION-SPEEO AND POWER CURVES. 


PROTEUS ’ 
NEREUS -------- te 


FIG. 3. 





were conducted in the open sea on the dates given in Table III, 
which also gives the averages, for the entire trial, of the prin- 
cipal data obtained. Data was taken every hour. The con- 
tract speed of 14 knots was easily exceeded for both vessels. 
Table IV gives the engine-valve settings. 
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TEST OF COALING GEAR. 


The test of the coaling gear and appliances was conducted 
on June 30 and July 1, 1913, for the Proteus, at the works of 
the contractors, and that on the Nereus, at the Navy Yard, 
Norfolk, Va., on September 5, 1913. 

On the Proteus, a two-hours’ coaling test was conducted at 
one hatch for determining the capacity of the gear, discharg- 
ing into a lighter secured alongside. The total coal delivered 
in two hours was 269 tons, or at the rate of 134.5 tons per 
hatch per hour, nearly twice the guarantee of 75 tons. Fol- 
lowing this test all other hatch gears were tested for strength 
and operation, using a dead weight as required by the con- 
tract. All gears operated satisfactorily. 

The two-hours’ capacity test of one hatch on the Nereus, ex- 
teeded the requirements by a greater margin than that on the 
Proteus. So satisfactory was this test that at the end of one 
hour and a quarter operation it was discontinued, in view of 
the excellent operation and great excess of coal discharged into 
the barge at the ship’s side; the average rate of discharge be- 
ing 144.4 tons per hour. The test of the gear at other hatches, 
for strength and operation, was satisfactorily conducted at the 
works of the contractors, previous to the capacity test. 























ENERGY IN RADIOTELEGRAPHY. 


RADIATED AND RECEIVED ENERGY IN RADIO- 
TELEGRAPHY. 


By L. W. AUSTIN. 


Read before The American Philosophical Society April 19, 1913. 





Duddell and Taylor* were the first experimenters to attempt 
to determine the laws relating currents in the sending and 
receiving antennas used in radiotelegraphy. Their first ex- 
periments were carried on near London with distances of only 
a few hundred yards between the antennas. A little later 
these experiments were repeated on a larger scale on the Irish 
Sea between a land station and the steamer Monarch, the 
experiments in this case being extended up to about sixty 
miles. ‘Their work served to show that up to the distances 

_ mentioned the received current fell off directly in proportion 
to the distance in accordance with the Hertzian equation for 
the electric force in the equatorial plane of an oscillator. 

The determination of this law at once aroused great hopes 
in the minds of all workers in radiotelegraphy for the estab- 
lishment of long-distance communication. It was well known 
that with 2 kw. and with moderate sized antennas it was quite 
possible to send messages over distances of over three hundred 
miles in the daytime. From this it was easily calculated in 
accordance with the Duddell and Taylor law, that it would 
be necessary to use only 10 kw. with antennas 400 feet high 
to carry on communication up to 3,000 miles. When the 
attempt was made, however, it was found that only on excep- 
tionally favorable nights was any communication at all 
possible, even with two or three times the calculated power, 
and of course none at all in the daytime. This showed at 





*Duddell and Taylor, ‘‘ Electrician,’’ 55, p. 260, 1905. 
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once that the Duddell and Taylor law was not applicable at 
great distances, and it began to be assumed that for com- 
munication over water an absorption existed similar to that 
which had long been recognized in overland communication. 

In 1909-10 the United States Navy carried on experiments 
between the high-power Fessenden station at Brant Rock and 
the scout cruisers Birmingham and Salem.* In these exper- 
iments regular day communication} was obtained up to 800 
miles between the ships, and about, 1,200 miles between the 
high-power station and the ships. Quantitative experiments 
on the effect of the height of sending and receiving antennas 
were also carried on at this time, which verified the results of 
Marconi, Duddell and Taylor, and Pierce. The results of all 
this work were finally summarized in the formula 


h, eee 


In = 4.25 Nee vhs tne cee, CE) 


where Ig is the receiving antenna current, I; the sending an- 
tenna current /, and #, the heights to the centers of capacity 
of the two antennas, A the wave length, and d the distance ; 
the currents being measured in ampéres and the length in kilo- 
meters. In this formula the resistance of the receiving antenna 
was arbitrarily taken as 25 ohms, that being the resistance of 
the Brant Rock station under the conditions of experiment. 
That the resistance was the same at both wave lengths used 
(1,000 meters and 3,750 meters) was due to the fact that a series 
condenser was used in the Brant Rock antenna at the shorter 
wave length. On the ships, however, there was undoubtedly 
a very considerable difference in resistance at the different 
wave lengths. As a matter of fact, we have never had an 
opportunity to measure accurately the antenna resistance on 
these ships. From measurements on other ships, however, it 
is estimated that the antenna resistance at 1,000 meters would 
be from 15 to 18 ohms, while at 3,750 meters it would probably 





*Bulletin Bureau of Standards, 7, p. 315, 1911. 
tNight signals, while generally stronger than those in the daytime, are freakish and 
irregular and unfitted for quantitative comparisons. 
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be about 35 ohms. No more quantitative work at long dis- 
tances was carried on by the Navy Department until the 
autumn of 1912, although in the meantime a number of 
observations were made at moderate distances which all tended 
to verify the general accuracy of our formula. ‘The new series 
of experiments has been made in connection with the high- 
power naval station at Arlington, Va. This station was 
equipped by the National Electric Signaling Co. with a 100- 
kw. rotary-gap sending set, and was intended for communi- 
cation with the Canal Zone and with the fleet in the North 
Atlantic Ocean. The original plan for the antenna as sub- 
mitted by the National Electric Signaling Co. showed an 
umbrella supported by a single tower 600 feet high. The 
experiments at Brant Rock, however, showed the experts. of 
the Navy Department that an umbrella antenna gave a center 
of capacity too low for the most effective working. In fact, 
comparative results indicated that the effective height was but 
little if any higher than the bottom of the umbrella, about 
150 feet in the case of the Brant Rock tower, although the 
total height was 420. For this reason the.Arlington sta- 
tion has been supplied with a platform antenna supported 
by three towers about 400 feet between centers, one being 600 
feet high and the other two 450 feet. The antenna has been 
put up in sections and consists of two flat-top antennas 350 
feet long, and one 315 feet long. These are 88 feet wide with 
23 wires each. The triangular space between the flat tops is 
filled in with a triangular fan of 25 wires supported indepen- 
dently of the flat-top sections. The vertical portion of the 
antenna consists of a fan of 23 wires, 88 feet wide at the top, 
narrowing to 10 feet at 75 feet above the earth, from which 
point the wires are brought down in a cage of the Fessenden 
type. The capacity of this antenna is 0.01 m.f., its natural 
period approximately 2,100 meters and its height to the center 
of capacity 400feet. The ground system consists of a radiating 
network of wifes covering the space between the triangle of 
towers and extending to some distance outside. The towers 
were built so that they were insulated from the earth with 
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switches by which they could be connected with the ground 
net system. With the towers insulated, the antenna resistance 
exclusive of the inductance at a wave length of 4,000 meters 
is approximately 8 ohms. Grounding the towers reduces the 
resistance to 1.8 ohms, and, curiously enough, no perceptible 
difference in capacity is observed, nor is the natural period 
changed by more than a few meters. Theoretically it is diffi- 
cult to understand how this great difference in antenna 
resistance can be produced without changing the field distri- | 
bution so as to vary the capacity and. wave length, but what 
is still more remarkable is that it is found that the ratio 
between the current in a receiving antenna a few miles distant 
and the sending current at Arlington remains absolutely 
unchanged whether the towers are grounded or insulated. 
But since the sending current with the towers grounded is 
approximately so per cent. larger-than when the towers are 
insulated, they are always kept grounded. For receiving at 
Arlington there is practically no difference. 
Referring again to the formula for the received current 


e 
ad 


Ip = 4.25 “Tee yi 


it will be noticed that, if we disregard the absorption term, it 
bears a styjking resemblance to the Hertzian equation for the 
amplitude of the electric force in the equatorial plane of an 
oscillator.* This equation in the form given by Zenneck ist 


Ey = 278 3.10" C.G.S. . suiines Mien CIRO 


where £, is the electric amplitude at the distance d, / the 
length of the oscillator, and I, the current amplitude in the 
oscillator, and was derived for continuous oscillations and for 
an oscillator consisting of two large spheres connected by thin 
wires with a spark gap in the middle, an arrangement which 





* This applies strictly only to values of d amounting to a large number of wave lengths. 
+J. Zenneck, ‘‘ Lehrbuch der drahtlosen Telegraphic,” p. 45. 
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produces a uniform current distribution throughout the wires. 
If we substitute the effective values of the electric field E and 
current I in the antennas, in place of the amplitudes, the 
equation will, of course, remain true. Therefore, if we are 
able to determine the length of the Hertzian oscillator which 
will be equivalent to a wireless antenna, we have at once a 
very convenient means of calculating the electric field at any 
distance not great enough to have the absorption come into 
play. Theoretical formulae for this purpose have been given 
by Rudenberg,* and attempts have been made to apply them 
to the case of the scout cruisers Birmingham and Salem by 
H. Barckhausenf and myself. ; 

The formulae are based on the assumption that if an 
antenna be erected on a conducting surface, its field will be 
the same as that of an antenna in space of twice the height, 
the lower portion being exactly like the real antenna but 
inverted béneath it; that is, the length of the equivalent 





Li 











b—p 


Hertzian oscillator will be twice the height from the earth 
to the center of capacity of the antenna. As Rudenberg 
observes, however, the imaginary portion does not contribute 


*R. Rudenberg, ‘‘ Ann. d. Phys.,’’ 25, p. 446, 1908. 
+H. Barckhausen, “ Jahrb. d. drahtlosen Telegraphie,’’ V, p, 261, 1912. 
t“ Journ. Wash. Acad.,’’ I, p. 275, 1911. 
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to the energy radiated by the antenna. Then since the 
energy is proportioned to /, the length of the oscillator, 
squared 

See , or Z=hyV 2. 
Hence to get the length the equivalent Hertzian oscillator 
we must multiply the height 4 to the center of capacity of 
the antenna by 1/2. In order to determine the theoretical 
value of the received current we must determine the electro- 
motive force on the receiving antenna by multiplying the 
effective value of the field E by the height to the center of 
capacity of the receiving antenna. If we are dealing with 


continuous oscillations, the received current will then be 
given by 


“ 


=e (undamped oscillations), . . . (2) 


where R is the high-frequency resistance of the receiving 
system. 

In the case of damped oscillations, however, on account of 
the form of the wave train of oncoming oscillations and that 
of the resulting current train in the antenna, the value of the 
received current Ir is equal to 





R r+$ 


where 0, and 0, are the decrements of the aside and receiving 
antenna systems. 

By means of thermoelements in the antennas, measurements 
of this kind have been made in several receiving stations in 
Washington using the high-power station at Arlington and 
the station at the Washington Navy Vard for sending.* __ 

The results of the calculated and observed values are given 
in Table I. It is seen that the observed values vary between 





*In these experiments the distances between the sending and receiving stations lay 
between 1.5 and 10 wave lengths. The greatest possible error due to the inapplicability of 
the inverse distance law to these short distances would be about 10 percent. No evidence 
of ground absorption at these distances has been observed. 
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TABLE I. 
. ; wale F Dis- |Received | Current | Obs. 
Sending station. | Receiving station. tance.| Obs. Cal. | Cal. 
Km. Amp. Amp. pr. ct. 
Arlington 
(A = 3900 m.) Bureau of Standards} 7.8 | 5.8.10-* | 15.10-8 | 39 
3 Capitol 6.4 {12.0 27.5 45 
es Navy Yard 7.2 |10.3 17.2 60 
Navy Yard 
(4 = 1000 m.) Bureau of Standards} 10.0 | 4.1 7.6 54 
* Capitol 1.9 | 85 15.0 57 








40 per cent. and 60 per cent. of the calculated values; that 
is, the effective length of the equivalent Hertizan oscillator 
is apparently too great. This may be due either to the shape 
of the antennas or to the fact that the earth beneath them is 
not properly conducting as is assumed in the derivation of the 
formula. If the last supposition is true, a better agreement 
between the theoretical and observed values ought to be 
obtained in the case of ships’ antennas where the ground 
consists of sea water. Unfortunately, however, in the case of 
warships at least, the problem is complicated by thé steel 
masts and rigging, which it is generally supposed tend to 
absurb a portion of the radiated energy. It is to be hoped 
that some time in the near future experiments may be carried 
out on ships free from these disturbing influences. It seems 
very possible that the shape of the antenna and not the 
conductivity of the ground is the real cause of the divergence 
from the theoretical values. In the case of a flat-top or um- 
brella antenna we have nearly the condition of two plates of 
a condenser in which the distance between the plates is not 
large compared with the plate dimensions. Under these 
circumstances it is certain that the electric field distribution 
will not be the same as that due to one of the spheres of a 
Hertzian oscillator placed at the center of capacity of the 
antenna system. However this may be, the experiments 
show that the length of the oscillator equivalent to the 
antenna of a land station is somewhat less instead of greater 
than the height to the center of capacity. 
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OBSERVATIONS AT GREATER DISTANCES. 


In the Brant Rock experiments already mentioned it was 
found that for distances of more than 100 miles over sea water 
a measurable absorption of the radiated energy took place, so 
that to represent the received current the full form of equation 
(1) including the absorption factor must be used. In the 
experiments mentioned, observations were made on the scout 
cruisers up to about 1,200 miles. The figure (Fig. 2) shows 
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that at a distance of 1,000 miles, at a wave length of 1,000 
meters, the received current was only one seventeenth of what 
would have been received if there had been no absorption, and, 
since the strength of signal in the telephone is proportional 
to the square of the received current, the signal was reduced 
to approximately one three-hundredth. 

During the months of February and March of this year the 
cruiser Salem was sent on a voyage to Gibraltar for the purpose 
of carrying out tests with the Arlington station. Successful 
observations with the electrolytic detector were made in the 
daytime up to 1,920 nautical miles, while by other detecting 
devices not sufficiently quantitative for measurement purposes, 
messages were read up to about 2,100 nautical miles. The 
results of measurements are shown in Fig. 3. ‘The wave length 





FIG.3 





DISTANCE, NAUTICA. MILES 











used by Arlington was 3,900 meters, and the average sending 
current was 110ampéres. The effective height of the Arling- 
ton antenna was 400 feet, while that of the Sa/em was taken 
as 130 feet, this being the value which was used in the 
calculation of the formula of the Brant Rock test. This is 
probably somewhat too high but is retained in the present 
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calculation for purposes of comparison. The curve of the 
figure is calculated from Tables XVI and XVIa of the article 
already cited.* The observed values of the received currents, 
as indicated by the crosses in the figure, were calculated from 
the audibility measurements made by the shunted telephone 
method on the electrolytic detector in exactly the same way 
as in the Brant Rock experiments, except that on account of 
the increased efficiency of the receiving set, the least audible 
antenna current was taken as seven microampéres instead of 
ten. The observer was Mr. Lee, who also took the most 
important observations during the Brant Rock test. Consid- . 
ering the difficulties of taking these measurements, the 
agreement with the theoretical curve is all that could be 
desired. It is especially to be noted that the signals became 


inaudibile at almost the exact distance indicated by the 
formula. 


OTHER OBSERVATIONS. 


Previous to the cruise of the Salem, a number of observa- 
tions on signals from Arlington were made in the daytime at 
various naval wireless stations in the United States. The 
results of these are shown in Fig. 4, the curve being, as before, 
the calculated value of received current over sea water, and 
the crosses the observed values at the various points. It 
will be noticed that while the observed values uniformly lie 
below the calculated values, the differences are not as great as 
would perhaps naturally be expected in transmission overland. 
In fact, they are in most cases not much greater than would be 
accounted for by the circumstances of observation. The St. 
Augustine observations are the only ones which were made by 
the calibrated detector and galvanometer method, while those 
at Newport, Boston, Guantanamo, Charleston and Key West 
were taken on uncalibrated crystal detectors by the shunted 
telephone method. The results show that for a wave length 
of approximately 4,000 meters the ground absorption is small, 
at least for distances less than 1,000 miles. This is a very 





*Bulletin Bureau of Standards, 7, p. 315, 1911. 
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different result from that obtained with a 1,000-meter wave 
length between New York and Washington, where the received 
current in the summer time is reduced to 10 per cent. of the 
value which it would have over salt water.* Of course, it 
must be considered, in the Arlington experiments just men- 
tioned, that most of the stations lie on the sea coast, so that the 


















































*For great distances over sea, and distances of more than 100 miles over land, long 
waves should be used on account of their decreased absorption ; while for short distances 
shorter waves are better on account of their more vigorous radiation. 
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waves either pass during a portion of their course over water 
or might be conceived to follow along the shore rather than 
to pass in direct line. New Orleans is the only station in 
which the propagation could be considered to be entirely 
unaffected by the sea, and in this case the received currents 
lie relatively lower than for most of the other stations. 


COMPARISON OF ARC AND SPARK APPARATUS. 


It has long been claimed by advocates of the use of con- 
tinuous oscillations in radiotelegraphy that these waves travel 
over the surface of the earth with a smaller degree of 
absorption than the discontinuous wave trains produced by 
spark apparatus. In order to test this point, as well as some . 
others connected with arc transmission, a 30-kw. arc operated 
with soo-volt d.c. current was obtained. At a wave length 
of 4,100 meters this arc produced from 48 to 53 ampéres in 
the Arlington antenna. Comparisons were made of the 
received currents from this arc and from the spark set giving 
100 to 120 ampéres in the antenna. A very careful set of 
observations on the two types of radiation was made at St. 
Augustine, the received current being mieasured by the 
calibrated detector and galvanometer method. At this dis- 
tance, 530 nautical miles, no difference in the absorption 
could be observed, the received currents being simply 
proportional to the radiation currents in the Arlington 
antenna. ‘These results were verified by the shunted tel- 
ephone method, using the slipping contact detector* at New 
Orleans and Key West, the latter place being approximately 
900 miles from ‘Washington. The receiving apparatus was 
then placed on the U. S. S. Arkansas and taken to Colon, 
1,800 nautical miles from Washington. On the voyage, 
although the conditions were not favorable for accurate 
observations, it appeared that during the daytime the arc 
signals gradually approached those of the spark in intensity. 
During the two days available for observation at Colon, the 





** Journ. Wash. Acad.,’’ I, p. 5, 1911. 
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arc signals only were heard in the daytime. These observa- 
tions indicated that at distances above 1,000 miles the 
continuous waves show a smaller degree of absorption than 
the waves from the spark. It was not possible, however, to 
draw this conclusion with certainty, since at the season of 
the year in which the observations were taken, exceptional 
days occur which might very conceivably affect the continu- 
ous oscillations in a different manner from those of the 
spark.* 

Further observations were made during the recent voyage 
of the Salem already mentioned. Here it was found, in 
verification of our former conclusions, that for distances over 
1,400 miles the arc as received in the daytime on a special 
receiver was equal to or somewhat better than the spark, 
notwithstanding the fact that the spark radiation current at 
Arlington was considerably more than twice as great as the 
corresponding arc current. This normally, if the absorption 
had been equal for the two types of radiation, would have 
made the spark signals more than four times stronger than 
the arc, the amplitude of signal being proportional to the 
square of the high-frequency current. Regular communica- 
tion with both arc and spark was continued up to 2,100 
miles in the daytime. Several times day signals were heard 
at greater distances, and in these cases the arc was uniformly 
louder. The night signals were heard all the way to Gibraltar. 





*It is frequently observed that at night one type of wave is strengthened more than the 
other. 
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THE SEARCHLIGHT, AND THE PRINCIPLES 
INVOLVED IN ITS CONSTRUCTION 
AND USE. 


By LOGAN CRESAP, LIEUTENANT, U. S. N., MEMBER. 





THE PRODUCTION AND QUALITY OF LIGHT IN AN ARC. 


An electric current may exist between two electrodes of 
different potentials, not in contact themselves, but connected, 
so to speak, by a conductor of gas or vapor. This phenom- 
enon is, however, divided into two distinct classes, to which 
have been given the names DISRUPTIVE CONDUCTION and 
ConTINUOUS CONDUCTION. 

In disruptive conduction the conductor is the gas which 
surrounds and bridges the gap between the electrodes, and 
when this gas becomes luminous because of the conduction, 
the spectrum of the light produced is that of the conducting 
gas. The most prominent example of this class is the ordi- 
nary spark-gap and high-voltage discharge. Another example 
is the Geissler tube. Any conducting material may be used 
as terminals to produce this phenomenon, and will not affect 
the character of the light produced, unless they are decom- 
posed by any heat which may be produced in them or by 
chemical action of the surrounding gas. This is, however, a 
condition which is hard to fill, and the terminals gradually 
disintegrate in disruptive conduction. 

Either continuous or alternating current may be used to 
produce this phenomenon, for in the same gas, with condi- 
tions of gas pressure, temperature and length of gap the same, 
disruptive discharge depends only on the voltage across the 
terminals. Conduction takes place only after a definite dif- 
ference of potential exists, and’ when started the voltage drop 
between terminals is constant and independent of the current. 
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In continuous conduction we have an entirely different 
set of conditions and resultant phenomena. Here the con- 
ductor is the vapor of the electrode material, and is formed 
by the heat of the passing current vaporizing the electrode. 
The spectrum of the light produced is that of the electrode 
material and not of the surrounding gas, nor has the surround- 
ing gas any effect on it. The surrounding gas, however, must 
_ necessarily affect the conduct of this conductor, as it has been 
displaced by it, and must therefore affect it by changes of 
pressure and movement. 

This column of conducting vapor, or the space between 
the terminals, with the extreme tips of the terminals is gen- 
erally referred to as the arc. 

Disruptive conduction depends solely on difference of 
potential for its beginning. Continuous conduction depends 
on the existence of the arc conductor, which must therefore 
be produced, and which, consequently, is a constant drain of 
energy. 

The arc may be started in several ways; the following two 
only are of interest tous. If we bring two terminals, between 
which there is a potential difference, into contact, a current 
will flow between them. Wethen slowly separate them. At 
the instant of separation, the contact point being heated by 
the consequent resistance, a small quantity of the electrodes 
will be vaporized, and a minute arc conductor thus estab- 
lished. Further interchange of current and widening of the 
gap merely enlarges this small arc conductor until a recognized 
arc is established. Another method of establishing an arc is 
to raise the potential difference between two separated termi- 
nals until disruptive conduction occurs. If the energy of the 
static spark is sufficient and the difference of potential is 
maintained long enough, a vapor stream may be formed and 
the arc started. If after the arc is established the current 
ceases, even for an instant, the arc conductor collapses and 
the arc will have to be re-established before current can again 
flow; thus continuous conduction may be called a continuous- 
current phenomenon. The ordinary alternating current can 
45 
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be made to sustain a carbon arc, however, for at the tempera- 
ture of the carbon arc all gases and vapors have become good 
conductors, and the voltage necessary to maintain the carbon 
arc is sufficient to re-start the current after its reversal, 
through the hot carbon vapor. 

The arc conductor, or stream of vapor, issues from the 
negative terminal, is in rapid motion from it toward the posi- 
tive terminal, and is probably at nearly the same temperature . 
as the boiling point of the material of which the negative 
terminal is made. For instance, in an arc in which the posi- 
tive terminal is copper and the negative terminal magnetite, 
the column of conducting vapor is solely the vapor from the 
magnetite. If, however, the positive terminal contains any 
substance which vaporizes at a temperature below that to 
which the positive terminal may become heated, the resultant 
vapors from the positive terminal enter the arc stream and, 
there becoming luminous, add their spectrum to that of the 
arc conductor or negative terminal. 

While the negative terminal supplies the arc conductor, in 
general, more heat is liberated at the positive terminal ; hence, 
with the two terminals of the same size and material the posi- 
tive one will rise to a higher temperature and will conse- 
quently waste away faster. 

Thus in the magnetite arc mentioned above, if the copper 
positive is made large enough to prevent its being heated to 
that temperature at which it will boil, it will not waste away ; 
and if made larger than that so that its temperature can be 
kept below that of the arc conductors, it will actually increase 
in size, due to the condensation of magnetite vapor upon it. 

In the carbon arc, the one most extensively used, the 
positive carbon is made larger than the negative to balance 
this inequality of consumption and for other reasons to be 
mentioned later. 

There are thus two sources of light from an arc. One is 
the arc conductor itself, which is, as we have seen, a vapor 
issuing from the negative terminal. In it part of the passing 
current is converted into radiant energy, part of which is 
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visible to us as light. The “Luminous Arcs” of everyday 
use are examples of this kind of light. The arc may be 
made to give light also by feeding into it vapor from the 
positive terminal, and this class are called ‘Flame Arcs.” 
The second method of producing light by the arc is due to 
the heating of the tips of the terminals to incandescence, 
and if the material of the terminals is of a highly refractory 
nature the terminals, principally the positive one, may be 
heated to such a temperature as to produce a very efficient 
incandescent light. 

Carbon at once assumes the field for this light, for it has 
many advantages, especially for searchlight work. It has 
the highest melting point of any element known, and, con- 
sequently, when heated to that point, on the tip of an arc 
terminal, it gives a light of high intensity and concentration, 
lending itself to location at the focus of a mirror. The light 
from this high-temperature source is made up principally of 
the higher frequencies of the visible spectrum, and these, as 
compared to the lower frequencies, give better illumination 
at a distance, or, as we may better call it, penetration, for 
equal power. 

As has been pointed out, the light utilized in a searchlight 
is that given off by radiation from the incandescent tip of the 
positive carbon ; hence it is evident that the quality of this 
light is practically independent of variations in the chemical 
composition of the carbon. The only effect such variations 
might have on the light would be a slight variation in the 
intensity of the light, due to a slight variation in the tempera- 
ture of the incandescent tip caused thereby. 


THE CARBON ARC AND SOME OF ITS CHARACTERISTICS. 


Having started an arc between two carbon electrodes, as 
explained previously, several facts become apparent after a 
short period of burning. The positive electrode assumes a 
cup-like shape, which, because of its similarity, perhaps, to 
volcanic craters, is called the crater, while the negative termi- 
nal becomes somewhat tapered or pointed. The stream of 
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conducting carbon vapor, in general, leaves the point of the 
negative, as we saw demonstrated previously, and is projected 
into the crater of the positive, where it is scattered some- 
what like water is scattered in the cup of a Pelton wheel, 
and mixes and escapes with the vapor which is being con- 
stantly evolved around the positive terminal. The posi- 
tive termina! :s thus the one around which the majority of 
the so-called flame is seen. ‘The positive carbon is, when in 
operation, at the temperature of boiling carbon, a temperature 
variously estimated by different authorities. Dewar gives 
6,000 degrees C., while Rosetti gives 3,200 degrees C. as the 
temperature of the positive and 2,500 degrees C. as that of 
the negative. 

The conducting stream is not perfectly constant in shape 
and location, for as the current is increased the cross-sectional 
area of the arc stream increases, and as that part of the 
terminals from which the stream is issuing, or entering, 
becomes wasted away, the stream seeks other localities where 
the length of the arc is less. In other words, the conducting 
stream always seeks the shortest path between the terminals. 

With constant current through the arc, the voltage drop 
across the arc is, except at very short arc lengths, proportional 
to the arc lengths, or very nearly so. This is probably 
explained by the assumption that the diameter of the arc 
stream being proportional to the current, the consequent 
resistance of the arc stream is closely proportional to the arc 
length, an assumption not at all unreasonable. 

Thus in Fig. 1, with currents of 30, 70, 90, 110 and 130 
ampéres, the voltage drop across the arc is plotted as a 
function of the arc length. Here we see that the smaller the 
current the steeper the curve; or, in other words, a low- 
current arc consumes greater voltage to bridge a given arc 
length than does a high-current arc. 

It is noticed in Fig. 1 that all the curves, if produced as 
shown, intersect at a point whose co-ordinates are, voltage 
39, and arc length, minus } inch. We may thus assume 
that the voltage drop across the carbon arc is made up of two 
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parts, one a constant, 39 volts, and the other a variable which 
is proportional to the length of the arc, plus an additional 
length of 4 of an inch. 





Fic. I, 


We saw in an early part of this paper that continuous con- 
duction depended on the existence of the arc conductor and 
that its production, consequently, was the source of a constant 
drain of energy. From the curves of Fig. 1, it is seen that 
the lowest voltage registered, or, in other words, the voltage 
necessary to produce or maintain an arc of even the smallest 
length at any ampérage, is about 29 volts. This 29 volts, 
then, represents the expenditure of energy necessary to pro- 
duce the arc stream and heat the tips of the carbons, The 
consumption of the remaining 10 volts is probably caused by 
the interference that the arc stream encounters in penetrating 
the haze of carbon vapor which surrounds the positive carbon. 
The fact that, for very short lengths, this additional consump- 
tion of energy decreases to zero with decrease of arc length, 
is probably due to the fact that the negative terminal itself is 
penetrating into this haze and, hence, saves the arc stream 
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some of its work. As this variation from the direct relation 
takes place only in the very short are lengths, we may elimi- 
nate it from our consideration, and assume that the voltage 
drop across the arc is made up only of the constant 39 volts 
and a variable, depending on the length of the arc. 
Thus: 

Let w= Total voltage drop across arc ; 

v, = Constant drop at ends of stream ; 

vs = Variable drop along stream ; 

/ = Length of arc, in inches ; 

then v=m+ 4s; 
but vs= , (2+ 4); 
hence v= % + &, (2+ 4). 


It is to be noted that this equation applies only as long as 
the current remains constant. 
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Let us now consider the effect of current variation. Plot 
the arc voltage as a function of the current (from Fig. 1) for 
any definite arc length, as in Fig. 2, where curves for }, 3, 3, 
1, 14, 14 and 1# inches are plotted. We find that with a 
fixed arc length, the voltage drop across the arc increases 
with decrease of current, and that as the arc length is increased 
the amount of voltage drop is increased. These curves are, 
except for very short arc lengths, hyperbolas, and may be 
expressed, where— 


¢ = Current ; 
vs = The voltage drop in the stream, 
by the formula : (vs)* (c) = (4,)*, 
ky 
Of Us = —; 


(c)' a 
and, as we found above, that, for a constant value of current, 
Vs = hy (7 - 3), 
we may express the voltage of the arc stream as a function of 
the current and arc length by, 
k(Z+ 4), 


SS 


c a 
and asv = % + vs we may express the total voltage across the 
arc by 
k(Z X 4) 

ova aes 





v= w+ 


Let us, by utilizing the actual results, as shown in Fig. 2, 
solve this equation for the unknown value of & and a. 

We find, for instance, that: 

When Z = } inch, and c = 130 ampéres, then v = 57.5 
volts, and when / = } inch, and c = 30 ampéres, then v = 
76.0 volts ; 

k(% + 4) 
(130)"* ” 


and 76.0= 39 += U9. e, Diglesg Dae 


hence we have 57-5 = 39 + (A) 
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Solving these equations we find that 


= .4727 


I 
a 
k = 170.48. 


and 
Similarly, 
When /=4 inch, and c = 50 ampétes, then v = 81.25 
volts; and when /= 4 inch and c= 130 ampéres, then v = 
66.00 volts ; 


5 
hence we have 81.25 = 39 4 a eee ae | 
k(i + 4) 
and 66.00 = adat BLE a . eerie D 
39 + “Tr goyv (D) 
Solving these equations we find that 
I 
ice .4686 
and k = 166.88. 


As we have taken points from our curves which are widely 
separated, we may average these results, which will give us, 
approximately, values as follows: 


= +473 
= 168.5 


We may then represent the equation of the carbon are for 
carbons of the size and quality of those used in the determi- 
nation of the curves of Figs. 1 and 2, as follows: 


168.5 (2 + 4) 
C47 ‘ 


> Ql 


ei39 + 


With other carbons, with other diameters, and carrying 
different currents, the above equation remains effective, 
although it is probable that a decrease of dimensions and cur- 
rent causes a small decrease in the value of the constant £4, a 
fact which is demonstrated by the remarkable coincidence of 
these results with those obtained in investigations of small 
arc lamps using from 3 to 9 ampéres. 
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THE DISTRIBUTION AND UTILIZATION OF -THE LIGHT IN A 
SEARCHLIGHT. 


As has been stated before, the positive carbon is not only 
the hottest, but produces the majority, in fact practically all 
of the light given off in a carbon arc. The positive is con- 
sequently made to face the lens of a projector. The quantity 
of light given off by the positive terminals is proportional to 
the size of the incandescent spot, while the size of this spot is 
dependent on the current and to a certain degree on the 
carbon. 

Photometric tests on arcs are extremely difficult, due to the 
unsteadiness and variations of the arc and the implements 
for use in such determinations being so liable to error. 

It may be stated in general, however, that the intensity of 
the light of a carbon arc in any fixed direction is proportional 
to the current, and varies with it directly. This is reasonable 
to suppose on the theory that the heating effect at the positive 
terminal is proportional to the current. Thus, as the current 
increases the area of boiling carbon increases, and naturally 
in proportion to it. As a matter of fact, the area of the 
luminous spot has been found to increase a little more rapidly 
than did the current, and this is explained as follows: The 
positive carbon is faced with a stream of carbon vapor almost 
as hot as it is, and consequently the majority of the loss of 
energy by radiation takes place around the edge of the crater 
or luminous spot. The ratio between area and circumference 
of this crater becomes larger as the area is increased, hence 
the proportion of the loss of energy by radiation around 
the edge of the crater becomes less as the current is increased, 
or the area of the incandescent spot will increase at a faster 
rate than does the current producing it. The same argu- 
ment applies to the radiation of light from the incandescent 
spot, hence it is apparent that the intensity of light will 
increase faster than the current. The results as given in the 
table which follows are plotted in Fig. 3 to show this graph- 
ically, and are taken from Foster’s Electrical Engineer’s 
Pocket Book, 1908. 
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FIG. 3. 


If the voltage drop across the are decreases less rapidly than 
the intensity increases with increase of current, then the effi- 
ciency of the arc increases with the current. Asa matter of 
fact, the intensity of the light does increase more rapidly than 
the power in the arc, a fact easily seen from a comparison of 
the curves of Fig. 2 and Fig. 3, or a glance at the table following 
later. Thus with 30 ampéres the candles per watt are 4.8, 
while with 60 ampéres the candles per watt are 5.55. 

It is of course true that a light, up to the. point of un- 
stability, will give more light as the watts consumed in the 
are are increased, but it is erroneous to believe that the 
quantity of light increases proportionally with the watts across 
the arc. 

While considering light intensity it would be well to form 
a correct idea of how the measurement of light is stated in 
units. A candlepower is the illumination, or rather the physi- 
ological sensation, given to the eye by a certain light. Thus 
the unit of light intensity as chosen by convention is the 
physiological effect exerted on the human eye by five square 
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millimeters of melting platinum, or by a flame burning a 
definite chemical compound at a definite rate under definite 
conditions. If we double the size of this source of light we 
double the intensity. It is thus apparent that in the carbon 
arc, increasing the size of the luminous spot increases the 
light intensity proportionally. This is to be distinguished, 
however, from increasing the temperature of the luminous 
spot, for if we increase the temperature we affect the color or 
frequency of the light and thus change the physiological effect 
on the eye. We thus see how difficult and really inaccurate 
it is to compare incandescent light of different frequencies or 
colors, as the physiological effect on the eye varies with the 
frequency. At the same time it is easy to see that in the 
carbon arc where the temperature is practically the same in 
different arcs the quantity of light varies with the size of the 
illuminating spot. We are not interested inst at present, 
however, in the intensity of the light in a certain direction, 
but in the total quantity of light emanating from the source, 
and this is expressed by including the area of the source. To 
express the total density of light-flux we adopt a unit called 
the “Lumen.” Unit light-flux density is the light-flux den- 
sity which gives the physiological effect of one candle at unit 
distance. The lumen or unit of light-flux is the light passing 
through unit surface at unit light-flux density. Thus a unit 
of light intensity of one candle gives, if the light distribution 
is uniform in all directions, 4z lumens, since the area at unit 
distance from a point is the area of a sphere, or 4z. Thus by 
knowing the average light intensity in all directions the 
light-flux density in lumens is 4z times this average intensity. 
It is thus easily seen how impractical it would be to rate 
searchlights by their candle power. It would, however, be 
advisable, in rating searchlights to introduce the number of 
ampéres used in the light, for it is this figure around which the 
dimensions and power of the light concentrate. 

While no available data of light distribution in the seach- 
light are is available, the distribution curve of an arc lamp 
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shown in Fig 4 will give some idea of how this distribution 
occurs. - 

Fig. 4 is a diagram taken from Steinmetz—Radiation, 
Light and Illumination,—showing the distribution and 
intensity of light in an arc lamp, in which the carbons are of 
the same size. The luminous spot is continually wandering 
around the tip of the positive carbon, and the curve on the 
right of the axis shows the intensity when the luminous spot 
is near the observer, while that on the left shows the intensity 
when the spot. is farthest from the observer. 
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The light from the are is caught and projected in a more 
or less parallel beam by a parabolic mirror. ‘The parabolic 
mirror, however, is not a perfect projector, in that it cannot 
produce an absolutely paralled beam of light, because the 
source of light cannot be confined to a point. We have seen 
that the quantity of light grew with the size of the light- 
producing area in the crater of the positive carbon. Hence, 
as we desire greater illumination or power, we have to enlarge 
our carbon to support or provide this area. In a parabolic 
mirror a certain amount of dispersion will be caused by the 
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fact that the illumination area of the positive carbon is an 
area and nota point. This dispersion becomes greater as the 
ratio between area of illuminating spot and focal length of 
mirror becomes greater, hence, to secure a good beam for 
large powers, it is necessary to use a correspondingly large 
mirror. Thus in the 36-inch projector, of which the focal 
length is 15 inches and diameter of incandescent spot about 
? inch, it is a simple matter of trigonometry to show that the 


minimum amount of dispersion possible is about (tant E ) 


= 1} degrees on each side of the axis of the beam. There 
is another source of slight error of concentration due to the 
fact that while the silvered back of a mirror may be correctly 
cut, the near surface, which is also a reflector, must be neces- 
sarily different, and while manufacturers cut the near face on 
a curve that tends to correct this error, there still remains 
considerable dispersion. There is also a loss of light in a 
glass mirror, due to the absorption of the light by the glass 
of the mirror, and this absorption is of no small magnitude. 
The amount of this loss of course depends on the thickness 
of the mirror, but for average mirrors it may be placed at 
about twenty per cent. Efforts have been made to produce 
a metal mirror and thus eliminate this double reflection and 
absorption, and such mirrors have been made. One of the 
metals used was an alloy known commercially as Monel 
metal, which has many qualities eminently fitting it for this 
use, but results seem to point to at least no increase in 
reflective efficiency and dispersion, and we are still confronted 
with the liability of a loss of polish and consequently 
efficiency by oxidation, a condition to which glass mirrors 
are not subject. 

The largest source of loss of light is due to the large 
amount of light that never reaches the lens, and is con- 
sequently lost. First, the negative carbon prevents a con- 
siderable amount of light from reaching the mirror, and all 
efforts to locate the negative carbon more favorably have 
failed. In practical operation this loss is minimized by 
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maintaining the arc at as great a length as is compatible 
with steady operation. Secondly, considerations of expense 
of manufacture, strength and liability to fracture, and size 
and ease of handling, limit the amount of the paraboloid, 
which can be utilized for a reflector, and thus a certain 
quantity of light escapes beyond the limits of the mirror and 
is absorbed or reflected away by the sides of the searchlight 
barrel. 

In endeavoring to secure a parallel beam it is only necessary 
to move the carbons, that is the lamp, back and forward in 
the axis of the lens until the beam becomes as nearly a pencil 
of rays as is possible. Best results are found when the ray 
is what is known as a concentrated beam, that is when the 
source of light is a very small distance outside the focus. 
With the source of light in this position the error of dispersion, 
mentioned above, is somewhat decreased. As a matter ot 
fact, it is with this slightly concentrated beam that we 
approach nearest to a true parallel beam. The relation 
between the current used in the different sized searchlights 
manufactured by the General Electric Company and used by 
the Navy, and the dimensions of the carbons and lenses used | 
in them, is shown in Figs. 5, 6 and 7. 





Fic. 5. Fic. 6, 


The following table gives the results from some German 
investigation, and may be used to exemplify several of the 
facts previously discussed. It is published in Foster’s Elec- 
trical Engineer’s Pocketbook. The true measure of a search- 
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FIG. 7. 


FIG. 9. 


light’s efficiency or excellence is to ascertain, if possible, 
what illumination it will produce at a given range. This is, 
however, a very difficult operation, as atmospheric conditions 
play such an important part in the final results. It is not at 
all difficult, however, to deduce accurate results as regards the 
relative efficiency of several lights, provided we base our 
arguments on proper foundations. 

It is a matter of simple geometry to prove that, neglecting 
atmospheric absorption, light intensity varies as the square of 
the distance, and that fact may be accepted as axiomatic. 

The light from the crater is gathered in by the mirror and 
projected in a cone-shaped beam. The apex of this cone is 
in the rear of the mirror and its distance from the mirror 
depends on the dispersion and diameter of the mirror. 

For instance : 

Let 
j D = Angle of dispersion ; 
ad = Diameter of mirror, in feet ; 
d, = Diameter of crater, in feet ; 
= Focal length of mirror, in feet ; 


then the location of this imaginary point is 3 cot : feet in 


rear of the mirror. 

The magnifying or intensifying power of the mirror is 
measured by the distance that this point is in rear of the 
mirror, and hence as the intensity of light varies as the square 
of the distance, we may express this power by the ratio 
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24.5 50 46.0 | 2,300 5-35 8,820 -430 10.2 | 2 30 
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61.0 150 60.0 | 9,000 6.50 41,750 -906 | 26.6 | 2 02 
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Let M = intensifying power of mirror, 
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d*” fy 

a[é 
2) 4d? if? 5 a? 

Paap a 

and the intensity of the ray of light sent out-by the mirror - 

may be expressed as follows: 


Let 
Im = mean intensity of light impinging on mirror; 
Ip = intensity of projected beam ; 


then Ip = Te (2) . . . ere . . . (1) 
1 


This method is very generally used in comparing search- 
lights, but while it does express a very fair relation be- 
tween searchlights, as far as their relation exists at the lamp, 
it fails to give a relation which will take in their action on a 
distant target. Foster uses this method of comparing search- 
lights in his Electrical Engineer’s Pocket Book. 

Let us try comparison in another way: The intensity of a 
beam or ray of light at any point is inversely proportional to 
the area illuminated, or, in other words, any ray or beam of 
light the product of intensity at any point with area illumi- 
nated at that point is, disregarding atmospheric absorption, a 
constant. 

For instance : 





hence M= 


Let R = Distance of a target, in feet, whose area is sufficient 
to catch the full illumination of the beam: 
D = Angle of dispersion ; 
Ay = Area of target illuminated at range ; 
a = Diameter of mirror, in feet ; 
ad, = Diameter of crater, in feet ; 
* = Focal length of mirror, in feet ; 
In = Average intensity of light falling on mirror ; 


Then 


D* “dy? 
Ar == (Rtan= x5). 
46 
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2 ; 
The area illuminated at the light is - and the total quan- 


2 
tity of light leaving the mirror is ia =) square-foot can- 
dles. ’ 


Let I, = Intensity of illumination at target. 
Then (neglecting atmospheric absorption) 


Ie X  (Rtan = +) = In X — 
2 2 
Ina? 


D 2) 
4(R tan +4) 


but tan D = 
2 





or : 


y/o LS 


Ind? 
Hence by fe, ae EE oR 








Qziii 
R F + - 
an expression in which all the factors are known, or may be 
ascertained, at the light. 

Let us compare a few of the lights given in the table by 
these two methods. For instance, take two whose current 
and consequently intensity of illumination are the same, but 
whose focal length and diameter differ, and we have: 


No. I. No. 2. 
Diameter of mirror, inches, . . 15.8 18.4 
Focal length of mirror, inches, 7.4 8.2 
Intensity of light leaving mir- : 
Ch Cine ee ee 2,500.0 2,500.0 
Diameter of crater,inch,. . . 365 Je.) 
Range, inches, . . . : 1 2,000.0 I2,000.0 


We find by equation No. I that 

intensity of projected beam is, 4,635,000.0 5,850,000.0 
And by equation No. 2 that in- 

tensity of illumination on tar- 

a 2.128 3-489 
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It is to be noted how both of these methods agree that No. 
2 light is better than No. 1 light, but it is by the second method 
that a true comparison is possible. 

Again, let us take two lights with the same mirror but 
using different currents, as follows: 


No. 3. No. 4. 
Diameter of mirror, inches, . 36.7 36.7 
Focal length of mirror, inches, t7.4 17.2 
Diameter of crater, inches, . .780 .906 
Intensity of light leaving mir- 
YOR Ince. ke 29,880.0 41,040.0 
Range, inches, . ... . 2,000.0 _ 12,000.0 


By equation No. 1: Intensity 

of projected beam, . . . 66,170,000.0 67,340,000.0 
By equation No. 2: Intensity 

of illumination at target, 

itt COMMIS tae basis 119.5 123.5 


Increase of illumination in the lamp does not necessarily 
increase the projected illumination on the target, but may 
actually decrease it. The possibility of this happening is 
easy to see. without mathematical demonstration, for if the 
angle of dispersion should increase so as to make the illumi- 
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nated area enlarge more rapidly with increase of current than 
did the intensity of illumination in the lamp, then the in- 
tensity of illumination at the target must necessarily decrease. 
Thus we see that there is a limit to the intensity that may be 
projected on a target by a certain sized mirror. 

In Fig. 8, the projected illumination for the 18-inch search- 
light, is plotted from the data given in the table for a range 
of 2,733.3 feet. 


POWER SUPPLY (CONSTANT POTENTIAL). 


All the searchlights used by the Navy receive their current 
from constant-voltage mains, a situation necessary from pres- 
ent conditions but by no means ideal, for various reasons. 

We have seen in Fig. 2 the relation existing between poten- 
tial and current in the arc. It is evident therefrom that an 
are cannot be connected directly to constant-potential mains. 
Suppose a lamp so connected and operating, and suppose by 
virtue of the the wasting away of the carbons that the arc 
length increases minutely. The resistance of the arc will 
consequently increase, which will, of course, cause a diminu- 
tion in the current; this decrease of current will: cause a 
further increase of resistance or higher voltage drop across the 
arc, and this changing will continue rapidly until the light 
goes out, because of a lack of voltage to maintain it. On the 
other hand, suppose the arc to so fluctuate that its resistance 
becomes minutely decreased; a greater current will imme- 
diately follow, causing greater decrease of resistance, and this 
action will rapidly continue until such a rush of current will 


result as to either blow some fuse or burn out some part 
of the circuit. 


We have, hence, to add to our circuit enough resistance to 
overbalance this erratic tendency and keep the fluctuations of 
current caused by the arc between limits, The action of this 
resistance is as follows: Suppose the arc to cause a rise of 
current, then this rise of current will cause in the resistance 
an increase of the voltage drop across it; and if this increase 
of voltage drop in the resistance is sufficient, it will over- 
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balance the decrease of the voltage drop across the arc, caused 
by the increased current also, and thus choke back the cur- 
rent. On the other hand, suppose the arc to cause, by an 
increase of its resistance, a decrease of current; then this de- 
crease of current will cause in the resistance a decrease of 
voltage drop, and if this decrease of voltage drop is sufficient, 
that is, if the amount of the resistance is sufficient, it will, by 
lowering the voltage drop of the circuit, permit additional 
current to flow. 

It is a simple matter to find out how much resistance is 
necessary in series with the arc to produce this: condition of 
stability, or, rather, the minimum voltage upon which the 
arc will operate at the designed current with a resistance in 
series with it. 

For instance : 


Let E = Potential drop of circuit, or drop, across are and 
resistance (neglecting resistance of leads) ; 
c = Current ; 
r = Resistance of rheostat, or resistance in series with 
arc ; 
é = Voltage drop across rheostat ; 


then es 


And further, remembering the discussion of conditions in 
the arc, 


Let e’ = Voltage drop across arc; 
e''= Terminal voltage, or voltage consumed in main- 
taining the arc and heating the terminals ; 
Z= Length of arc ; 
/’ = Additional length, or abscissa of point from which 
characteristic curves appear to originate (for the 
_ carbon are, 4 inch) ; 
then from the discussion in a previous chapter : 
apr MELD, 


2s ova ’ 
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but by assumption E=e+e; 
U 
hence E=er+e'’+ ol th gdh F ‘ (1) 


t/a 
Cc’ 


Now it must be true that when E is a minimum, we have 
the minimum amount of resistance in series with the arc, and 
E is a minimum 


qE 
— 


or, differentiating equation No. 1, we have: 


Far + kl+0)(- ‘) (=a): 


or, when E is a minimum, - 


+H (- Netalme 


when 





but = 
is 
k(l " 
Hence we have ei a ( weeks) F) \ i= 
c c 
kUi+f 
but obs. ah ) =e'—e''; 
hence f—f(e— 2") =0; 
ee c 


and éliminating c 
I 
oe =e ees 
but E>e+¢; 
hence E — e’ —< (ce —e")=0; 


therefore the minimum voltage which can be utilized to 
supply an arc is 


or E=e (r+ Sa 
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To exemplify this, our 36-inch searchlight operates with 
110 ampéres at 60 volts, hence we will have to usé a pone 
in our supply system of at least 


60 (: + a —- 32 volts. 


From reference back, we see that @ is approximately 2, 
hence we have 


We may proceed as follows to find the resistance necessary : 
Let c= Designed current ; 

e’ = Voltage drop across arc with that current ; 

E = Minimum voltage allowed ; 

vr = Resistance of rheostat. 
EK —e’ 


c 





then r= 


These results may be summarized graphically. In Fig. 9, 
curve No. I shows the characteristic curve of the 36-inch 
searchlight when operating with 110 ampéres and 60 volts 
across the arc. Curve II is the voltage drop across the 
resistance : 

re OS | rs 
{ee IIo. 10 





while curve III represents the characteristic of the circuit. 
Here we see that with the designed current our characteristic 
is horizontal, and the slightest variation in voltage of our arc 
or circuit will cause violent surges of current, a condition of 
the utmost instability. Hence we may call this point our 
“instability point.” At the same time, however, our circuit 
characteristic has an upward tendency on each side of the 
operating point (110 ampéres), or, in other words, will operate 
on an absolutely constant potential circuit. 

It is evident from this that te get proper stability we will 
have to increase the resistance of our rheostat. 
This instability point is at a voltage, as we have seen, of 
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about 50 per cent. of the arc stream volts over the total arc 
volts, but in general lighting practice, to get reasonable stead- 
iness of current, a voltage of about 75 to 100 per cent. of the 
arc stream volts over the total arc volts is used. Thus ona 
60-volt carbon arc about 76 to 81 volts would be maintained 
in the lighting circuit. This is not carried any higher than 
necessary, however, for in commercial practice power wasted 
in rheostats is paid for by the consumer, and the cost of 
running must be kept as low as possible. In the Navy our 
voltage is now 125 volts, so that we are well above the limit. 

Let us see how the curve of our 36-inch light looks. We 
have to begin with circuit at 125 volts, and as this light 
is designed to operate at 110 ampéres to give the proper 
illumination, and with that current consume 60 volts in 
the arc, we must insert in series with the arc a resistance of 


2s, 5B 


in Fae ohms. The voltage drop across the resistance 





is plotted as curve I in Fig. 10, the are characteristic plotted 
as curve II, and the circuit characteristic as curve III. Here 
(Fig. 10) it is seen that the instability point has traveled a 
considerable distance to the left, or well below where our arc 
is operating, and it is very evident that the farther we can 
make this point be from our operating point the more reliable 
is our light. It is also evident that this can be done by 
increasing the voltage of our supply mains and the correspond- 
ing series resistance. 

The desirability of securing this additional stability is of 
course presumed, for, aside from all question of electrical 
stability, it is axiomatic, almost, that we desire ight stability, 
or, in other words, a field or beam of light of as nearly constant 
intensity of illumination as possible. A flickering light of a 
certain average intensity is evidently not as good as a constant 
light of the same intensity. It might be well to note at this 
point a certain factor effecting this flickering in the intensity 
of illumination, and that is the “flame” of the arc. While it 
is true that practically all of the light given off by the arc is 
due to the incandescent tip, yet the flame must give off a little 
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FIG. 10. 


light also; and as the flame flickers, like a great many flames, 
we have, so to speak, a flickering fringe to the main light. 
However, this effect is not very great, especially as compared 
with the changes in intensity due to a change in current, a 
relative value of which may be seen by reference to the table 
shown previously. 

To return to where we digressed. The statement that the 
arc will become more stable as the supply voltage and series 
resistance is increased may be stated another way, thus: 
Suppose that our voltage and resistance are so high that 
fluctuations of voltage drop in the arc are absolutely inconse- 
quent as regards their effect on the current, then the current 
will be practically constant, and the are absolutely stable or 
steady. 
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Here we have an ideal condition: The intensity of illumin- 
ation depends on the current, constant intensity of illumination 
is desired. Hence, to obtain the desired, constant-current 
supply should be used. 

It is unnecessary to point to the large weight of rheostats 
used in operating 60-volt arcs on 125-volt circuits ; however, 
questions of weight are not being considered here. 

Various methods have been proposed and used to produce a 
constant-current supply for arc lighting with both direct and 
alternating currents, and such systems are widely used com- 
mercially. In the Navy we are limited to direct current, as 
- that is the best for searchlights, and it would appear, therefore, 
that a constant-current generator, or something similar to that, 
was our only outlook for improvement. The problem of 
applying this to shipboard, however, is a very involved one, 
as considerations of weight and space are, or perhaps we may 
say, have been, paramount. This problem may be stated 
briefly as follows: At present we use our lighting and power 
plant to supply the current for our searchlights, and use 
about half of the total power of the searchlight circuit to run 
the lights, the other half going into rheostats. These 
rheostats occupy space, have considerable weight and liberate 
a large quantity of heat. 

To substitute constant-current supply we may do one of 
two things: first, substitute one constant-current generator 
for one of the regular constant-potential generators and use 
the searchlights of the ship in series with each other (an 
almost universal condition dn city arc lighting); or, second, 
add to the regular electrical outfit, as at present installed, a 
motor-generator set for each light. With the first method a 
rheostat or dead-load resistance, capable of absorbing as much 
power as a light, would have to be installed for each lamp, 
so that should that lamp become short-circuited, destroyed, 
or otherwise thrown out of the circuit, the resistance could 
be substituted automatically, and the total load on the gen- 
erator maintained practically constant. The weight of this 
outfit would, roughly speaking, be about the same as the 


« 
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present outfit. The second method, however, entailing the 
addition of a motor-generator set for each light, would raise 
the total weight of searchlight installation ; for, although the 
series rheostats would be done away with, the weight of the 
motor-generator sets would considerably overbalance this 
saving. 

This problem is unsolved, or it might perhaps be better to 
say its solution has not been pursued with enough effort or 
encouragement. Constant-current supply will, in the writer’s 
opinion, give us better results in our searchlights than we 
are at present having, and if enough demand is created for it 
it will come, as with everything else, in spite of what we may 
now consider objections or restrictions. 


POWER SUPPLY (CONSTANT CURRENT). 


It is evident that if we supply an arc light from a constant- 
current source no series resistance will be necessary in the arc 
circuit. As was seen in Fig. 2, the arc characteristic was 
nearly horizontal, hence if we supply the arc from a source 
whose characteristic is nearly vertical, the limits within which 
the arc must keep are very small, and steady operation and 
light will result. 

A shunt generator is said to have a drooping characteristic, 
that is, its voltage decreases with increase of load. A. series 
generator has a rising characteristic, or its voltage increases 
with the load. When the two fields of a compound-wound 
generator are addative, or work together, then by proper 
proportion of the fields the characteristic curve may be made 
almost a straight line, a condition resulting in the “flat 
compound” machine for constant-potential work. On the 
other hand, if we make the fields oppose each other we may 
make the characteristic curve assume a drooping shape, and 
the proportion between the fields may beso fixed as to make 
this curve have, around the point at which we desire the - 
generator to operate, a characteristic giving very small changes 
of current with large variations of voltage. This machine is 
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the “differential compound” for constant-current use. This 
differential compound was about the first type of machine 
designed for constant-current work, and is, of course, applicable 
to searchlight work. 

The advantage of using some such current supply can be 
easily seen by reference to Fig. 2 and alsoto Fig 11. In Fig. 
II is shown the charactetistic curve of the 36-inch lamp at 
present most generally used, and by a full line is shown the 
ideal characteristic fora current supply for this lamp. One 
must, of course, be at right angles with the other. 

There are other methods of securing a current supply of 
this nature than the ‘differential compound.” The Rosen- 
berg generator was designed for this purpose. The general 
characteristics of this generator are shown in Fig. 12, and its 





FIG. 11. 


application to searchlight work is apparent. It should also 
be noted that various combinations assembled as “ balancer 
sets” can be made to give similar characteristics. 

It will thus be seen that constant-current supply is not very 
much of a problem. 
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We have seen in the early part of this paper the many diffi 
culties to be overcome in producing a good searchlight and the 
many influences affecting the actual illumination on the target, 
and every point almost seems to hinge around current regula- 
tion. Weareall familiar with the many difficulties at present 
experienced in searchlight operation and the great importance 
of getting as good a searchlight as possible. Our lamps, 
projectors and distant control are today at a very high state 
of efficiency. Let us hope that advance may now be made 
by installing constant-current supply for our lamps. 

In the writer’s opinion such a step is not only desirable but 
possible, and if obtained would materially assist and contribute 
to the great advance in general battle efficiency, which our 
Navy is striving for and gradually obtaining. 


CARBONS. 


The cross-sectional area of the carbons is governed by 
several general considerations, but it is by no means limited 
to certain exact dimensions. The negative carbon should be 
as small as possible in order that the useful light from the 
positive carbon intercepted by it will bea minimum. The 
positive carbon should be large enough to a little more than 
totally contain the incandescent spot caused by the designed 
current. Their sizes should also be so proportioned that 
each will burn at the same rate, and thus preserve the crater 
in the focus of the lens. 

The sizes of carbons used in the various searchlights of the 
Navy are as follows: 


Projector. Diameter of negative. Diameter of positive. 
18-inch, $-inch (solid). - 43-inch (cored). 
24-inch. 2-inch (cored), 1-inch (cored), 
30-inch. g-inch (cored). _ I}-inch cored). 
36-inch. 1-inch (cored). 1}-inch (cored). 


60-inch. 1g-inch (cored). 2-inch (cored). 
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Searchlight carbons are cored with a stick of soft carbon. 
This tends to center the arc, as, because of the softer nature of 
the core, the arc is supposed to naturally seek its locality. 

The voltage drop across an arc is for the same reason less 
when the carbons are cored than when solid; or for the same 
voltage drop across an arc the cored carbons will have a 
shorter arc length than the solid ones. Carbons should be of 
uniform quality, so as to facilitate as far as possible uniform 
conditions in the arc, and thus assist in the maintenance of a 
uniform current. It is extremely difficult, however, to obtain 
this condition, and, although carbon manufacturers produce 
enormous quantities of carbons and carry on extensive research 
and experiment, the carbons of today are far from fulfilling 
the conditions. The resistance of the carbon depends largely 
on the temperature and time of baking in manufacture, and 
as the result appears to be extremely sensitive to variations in 
these conditions, it has proven almost impossible to obtain 
uniform results. For this reason the test of a searchlight 
lamp reduces itself almost to a test of the particular carbons 
in use at the time. While good results with searchlights 
depend largely on the carbons employed, it is the writer’s 
belief, however, that many troubles ordinarily blamed on 
the carbons could, with a little further investigation, be 
located elsewhere and perhaps corrected. For instance, the 
effect of wind or small air currents on the arc is, by changing 
or influencing the position of the arc stream, responsible for 
material fluctuations in the current and resultant changes in 
the illumination; and many such fluctuations are blamed on 
the carbons. 

When the voltage drop across the arc, using the designed 
current, gets below a certain point, the arc emits a violent 
hissing, and the arc becomes erratic in its action. This point 
is called the “ hissing point,” and in testing carbons for a lamp 
this point must be below, by several volts, the voltage at which 
the arc is désigned to operate. 

When the voltage drop across the arc, using the designed 
current, gets above a certain point, that is, when the arc is 
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too long, the arc will begin to jump and sputter, and as the 
voltage is increased the arc will finally sing and flame at a 
great rate. These points are called the “jumping point” and 
“flaming point.” 

Thus, in choosing carbons, when the arc is about the right 
length and the current the designed current, the are should 
operate at a voltage above the hissing point and below the 
jumping point of the carbons. 

The life of the carbons is most easily found by burning the 
carbons a definite period of time and noting their weights 
before and after burning. 


NOTES ON THE OPERATION OF SEARCHLIGHTS. 


The following notes are ky no means directions for operating, 
but merely a few observations, some of which may not be 
generally known. ! 

In the first place, great care should be taken to see that the 
mirror and front glass are absolutely clean. The mirror alone 
absorbs about 20 to 25 per cent. of the light thrown upon it, 
and the front glass absorbs perhaps one-half that amount, or 
about Io to 15 per cent. of the light reflected through it, and 
the addition of a light film of dust to either or both of these 
glasses will materially increase this loss. The best way to 
see that the glasses are clean is to observe them after starting 
up the lamp, as any dust which may have been invisible 
before starting is thrown into relief on the surfaces of the 
glasses by the light reflected or absorbed by it. A mirror or 
front glass thought to be clean when viewed in sunlight is 
often observed to be covered with a light film of dust when 
the light has been started. 

The present type of lamp for the 36-inch projector is a 
double-feed lamp; that is, the carbons are either separated 
from or advanced toward each other by: the feeding mech- 
anism; and, as“each of these functions is automatically 
controlled, the lamp gives very good results. It is not a bad 
idea, however, to check up the operation of this mechanism 
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by the use of the voltmeter and ammeter at the lamp. The 
lamp should operate at the designed arc voltage, and this is 
obtained by the proper adjustment of the little steel tension 
Spring fitted in plain sight on the side of the lamp. This 
adjustment is made with a screw driver, but there should be 
no reason to change its adjustment unless someone has been 
tinkering with it, for it is most carefully adjusted by an 
expert at the factory before being shipped. 

When beginning with a new set of carbons care should be 
taken to see that the carbons are in exact alignment, although 
the negative should be just a little lower than the positive. 
This difference in level is necessary because of the upward 
deflection of the arc stream due to the ascending air current 
caused by the heat of the arc, but it should be very small, 
and care should be taken to see that the positive is kept in 
its correct position so as not to disturb its location at the 
focus. It has been found also that a good arc can be more 
easily obtained on starting by sharpening the negative carbon 
in a lathe or grinder to an angle of about 15 degrees, or about 
the same as a good pencil point, and then blunting the point 
a little. ‘The positive carbons, as supplied, are ready for use. 
Should old carbons be used, it would be a good plan to break 
off their tips and bring them in a lathe to the condition 
inentioned above. 

If the are stream does not center in the core of the positive 
carbon that carbon will almost certainly crack or break off in 
chips, and if the crater gets in very bad shape new carbons 
should at once be put in the lamp, if good results are desired. 
Under the best management, however, bad carbons will be 
found, and if after 10 minutes’ operation, with good current 
regulation, they fail to settle down to steady burning, it is 
best to shut down immediately and substitute another pair. 

It is very difficult for the attendant at the lamp to focus the 
beam properly, and he should bé assisted if possible by some 
one as far away from the lamp as possible. ~ 

While the intensity of the light of the searchlight beam is 
almost the same over the whole illumination area, best results 
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seem to be obtained when that side of the beam of light near- 
est the observers or gun pointers is used to illuminate the 
target, the reason for this probably being that when the 
near edge of the beam is used the observer does not look 
through very much of the light, and hence gets a more clearly 
defined reflection in his eye. Sometimes, however, the inten- 
sity of the beam at the target may vary somewhat, due to the 
irregular burning of the carbons, and, as this can be very 
easily discovered by a careful observer, better illumination 
might sometimes result by shifting lights so as to make this 
bright part of the beam be in the near side of the beam for 
some other observer. 

Best results of observation are unquestionably obtained. 
when the observer is as far away from light as possible; the 
reason for our distant-control apparatus, and an argument for 
* using the ends of the ship for locations for the searchlights. 

Better illumination, because of steadier operation, will un- 
questionably result if the projectors are protected from as 
much wind or air eddies as possible, and the use of an old 
awning or blanket might, if properly placed, add materially 
to the steadiness of the:light. 

In conclusion, it may be stated that best results will undoubt- 
edly be obtained when the lamp is run with the designed 
voltage and ampérage. It is, of course, true that increase of 
current gives greater intensity of illumination in the arc; but 
it is very doubtful whether this increase of illumination is 
communicated to the target, for reasons explained previously. 
Each type and size of projector is very carefully designed, 
and the current assigned is probably the best. In addition, 
an increase in current will give a decrease of voltage drop in 
the arc, and the whole adjustment of the feeding mechanism 
will be disturbed. Therefore, in using the lights as furnished 
the designed conditions should be adhered to, good operation 
and light being obtained by carefully following the well- 
known laws and directions and endeavoring to get the best set, 
or a good set, of carbons. 
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NotE.—The above is a thesis written by the author while at the Schenec- 
tady Works of the General Electric Company as a member of the post- 
graduate.course in ordnance in I910. 

The following books have been consulted, and quoted from where noted : 

Artillery Notes, No. 31.—Searchlights. By First Lieut. Lee Hagood, 
U.S. A., retired. 

Electrical Engineer’s Pocket Book.—Edition of 1908. Foster. 

Radiation, Light and Illumination. By C. P. Steinmetz. 

Assistance was kindly lent by : 

Lieut. Comdr. L. McNamee, U. S. N., Inspector of Equipment, U. S. N., 
General Electric Co., Schenectady, N. Y. 

Mr. J. L. Hall, Searchlight Engineer, General Electric Co. 

Mr. A. Holt, Searchlight Operator and Tester, General Electric Co. 
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DEVELOPMENT OF THE MODERN GAS ENGINE. 


By COMMANDER J. EDWARD PALMER, U. S. Navy 
(RETIRED), MEMBER. 





INTRODUCTORY. 


The operation of the modern gas engine may reasonably be 
expected to be eventually made nearly as reliable as that of 
the operation of the steam engine, provided continuous 
thoughtful consideration is given to the design, the construc- 
tion and the supervision of all features of development of the 
first-named type of prime mover. In -this monograph the 
general term gas engine is intended to include all appliances 
in which power is generated by explosive rather than by con- 
tinuous-pressure action. This belief is founded upon the fact 
that there are now thousands of thoughtful and able designers 
at work upon giving to the world an improved gas engine, and 
as the result of such continuous efforts the appliance ought to 
develop into a more reliable and efficient machine, as well as 
one whose first cost would be very materially reduced from 
the price now charged for such construction. 

This statement may appear surprising to many people, be- 
cause in their own experience they have probably observed 
that the gas engine can be thrown out of commission from 
comparatively small troubles. The impairments of the gas 
engine likewise often involve excessive expense and time in 
overcoming such defects, due to the fact that comparatively 
few people have even a fair knowledge of the salient princi- 
ples governing the design and operation of such motors. 

The maintenance and operation of the steam engine is so 
familiar to tens of thousands of people that the ordinary im- 
pairment of such an engine can be quickly overcome even by 
those who have had but comparatively little engineering 
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training and experience. ‘The steam engine in practical use, 
therefore, may be regarded as subtantially a reliable appliance 
for maritime and industrial needs, and it will not be many 
decades before the gas engine may be a formidable rival to the 
steam engine for carrying on special activities. 

Reliability of Action of the Gas Engine.—In order to show 
the conditions requisite for the reliable operation of the gas 
engine it only ought to be necessary to tell in a very general 
way of those features that are of controlling importance in 
the operation of such type of machinery and of the ordinary 
impairments that are likely to take place. Under certain 
conditions the gas engine even now isa reliable appliance, 
and this statement may be attested by the fact that tens of 
thousands of automobiles are operated by persons who are not 
acquainted even with the elements of the mechanical princi- 
ples of design. that- enter into the consideration of such 
machinery, nor even of some of the precautions that should 
be exercised in its operation. The machinery of automobiles, 
however, is exceedingly well built, efficiently assembled, thor- 
oughly tested, carefully protected and installed in a manner 
that does not invite the tinkering of those who are unfamiliar 
with the principles of its operation. 

The Development of the Gas Engine for Maritime and 
Naval Purposes.—The maritime and Naval interests of the 
world should have special interest in the development of the 
gas engine, by reason of the fact that the successful installa- 
tion of such construction would minimize the great waste of 
heat that now exists in the burning of coal or oil fuel in the 
ordinary boiler. With the development of the gasoline engine 
there could be effected in marine craft considerable saving by 
cutting down the cargo space for fuel, as well as the fireroom 
complement of such vessels, thereby permitting valuable space 
to be used for other purposes. Whether measured from a 
financial or efficiency standpoint, the successful development 
of the gas engine is earnestly desired by all engineers. 

In all probability the most enduring success will be obtained 
in the naval development of the gasoline engine if the Navy 
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Department will first commence experimenting with small 
appliances. possessing a large factor of safety rather than by 
first attempting to develop gasoline machinery of extensive 
horsepower. There will be no enduring success obtained 
until the interest of the engine-room and fireroom force can 
first be aroused, for by experimenting along such lines most 
lasting results may be looked for. Practical difficulties that 
will be encountered as regards the operation of gasoline engines 
will be more fully known to the designers when investigation 
and research work is conducted with several small motors 
instead of with a comparatively few large-sized ones. 

The Existing Detatled Features of Gas Engines. —Probably 
the best way of noting wherever particular advance in the 
improvement of the gas engine can be made, as well as in 
showing how readily such machinery can be efficiently and 
reliably operated by those having even a cursory knowledge 
of the principles of such mechanism, would be to tell of the 
essential features of such appliances, together. with some of 
the difficulties that are encounted in their operation. 

Valve Gear.—The simplest and most reliable design of 
valve gear now installed on a gas engine is that where the 
cam shaft is operated by two gear wheels from the crank 
shaft, with the valves either directly over the cam shaft and 
lifted by push rods, or with the valves installed in the upper 
part of the cylinders and operated by means os working beams 
from the push rods. 

Oiling System.—In general, the most efficient oiling system 
so far devised is the: combination of forced feed and. splash. 
The oil reservoir in this design is installed in the bottom of 
the crank case. The oil is forced through the system, by an 
oil pump, to each of the main crank-shaft bearings, and then 
finds its way into small curved suspended oil troughs placed 
under each connecting-rod end. These troughs are shaped. 
like an arc of a circle, the center of which is the center of the 
crank shaft, thereby permitting (with the rolling of the boat, 
in case of launches,) the connecting-rod ends to dip the same 
depth into the oil. The sides of the troughs are arranged so 
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as to give the best depth of oil. The oil is spread through 
the crank case to the cylinders, and finds its way back again 
into the reservoir at the bottom of the case, and can thus be 
used over and over again. 

Carburetor.—The carburetor should be of the simplest 
form. ‘There should be no springs or complicated mechanism 
to get out of order easily. It should have only a float, 
spraying nozzle, throttle valve, extra air valve to operate 
when throttle has opeied a certain distance, and a gasoline- 
controlling needle valve between the float chamber and 
spraying nozzle. This valve is most important; it is used to 
regulate the supply of gasoline for changes in temperature, 
atmosphere and speed, and must be arranged to be easily 
operated. If operated properly it keeps the explosive mix- 
tures of the proper proportions, which economizes fuel and 
prevents excessive formation of carbon in the cylinders. 

The ait-intake pipe should be arranged to take hot air from 
around the exhaust pipe, and a strainer should be placed on 
the gasoline supply pipe to collect all dirt, dust, etc. With 
this style of carburetor there should never be any carburetor 
troubles. f 

Magneto.—The modern high-grade magneto is a very reli- 
able appliance. The magnetos on the busses in London run 
for more than 30,000 miles without any attention except using 
a few drops of oil every 500 or 1,000 miles and keeping ‘them 
clean and free from dirt, dust, oil and water. 

Too much stress cannot be given to the necessity of fitting 
the magneto with a cover which will protect it from all oil, 
water and dirt. ; 

On a small engine which can easily be cranked by hand, it 
is suggested to do away with all batteries and dual ignition 
systems, and use only a high-tension magneto with a fixed 

-spark advance of a well-known reliable make. Add to this 
mica spark nlugs and a cut-out switch, and we have all that is 
necessary for a perfectly reliable system of the simplest form. 

Fixed Spark.—The fixed spark is, of course, a compromise, 
and does not give the greatest economy at all speeds. Ona 
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small launch engine the difference is slight, but the advantage 
gained in simplicity and ease of operation more than out- 
weighs the small difference in economy. Considering like- 
wise the hard usage launch engines receive, and as they are 
often operated by inefficient and careless men, the fixed spark 
is considered the best all around arrangement. 

The intensity of the spark depends on the speed of the engine, 
and this to some extent makes up for the doing away with the 
changing of the spark advance. At low speeds when the 
intensity of the spark is less, the ignition and explosion of the 
charge is slower; and with greater spark intensity at high 
speeds, the ignition is faster. Thus with a fixed spark we get 
the same effect, but not in quite so marked a degree as when 
altering the advance. 

The great majority of failures and troubles of the gasoline 
motor are traceable to the unreliability of the batteries, 
whether either of the dry-cell or storage batteries. All types 
of batteries are continually giving out or growing weak 
without warning, whether in use or standing idle, so that 
constant care and watching are necessary to keep them in 
efficient condition. 

It is often difficult to obtain fresh dry cells as well as to 
maintain storage batteries properly charged, particularly on 
foreign stations and in out-of-the-way places. 

As long as batteries are used there will arise complications 
as regards spark coils, multiplicity of wires, timers, etc., all 
of which are liable to get our of order and cause an endless 
amount of trouble. 

By adopting the high-grade fixed-spark magneto we at once 
eliminate the above difficulties and obtain an ignition system 
which is at once simple and reliable. Such a magneto will 
tun for years with no repairs, if properly cared for. The 
engine will be found easier to start, and we have a spark of 
highest intensity at the instant the charge is fired. 

In the case of a changeable-spark magneto the advance is 
altered by the operator at will, or by an automatic governor 
attached to the magneto. . It is practically impossible for the 
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operator to keep the changeable spark at the proper point for 
all conditions, so that, when using a changeable spark, it is 
really a matter of guess-work. It is claimed that the governor 
efficiently subserves this purpose; but, even if it does, which 
is not at all certain, the extra complications and liability to 
derangement more than offset the small amount of economy 
gained ; consequently the fixed spark is by far the best for 
small launch engines. 

As there may be some members of the Society who have 
not had practical experience in operating the “ fixed spark ” 
it may be advisable to briefly explain its action. 

In the operation of the gasoline engine the compressed 
charge is fired by a “‘spark” just before the piston reaches the 
top of the stroke, and at a point that will allow the charge to 
become fully ignited, so that the full force of the explosion 
will be given just as the piston starts down on its power stroke. 
This is necessary because it requires time for the charge to 
become fully ignited. The time required to affect complete 
ignition depends on the size of the cylinders, the compression, 
the temperature of the charge and the intensity of the spark. 

The point at which the spark fires the charge is called the 
“advance,” and this advance should be changed for different 
speeds. When batteries are used the intensity of the spark 
remains the same no matter what the speed of the engine may 
be, consequently it is absolutely necessary that only inappre- 
ciable and even zero advance be given when starting, or else 
the motor would turn backward and thus cause a “‘ kick back.” 
As the speed of the engine increased the advance ‘must be 
correspondingly increased in order to maintain the efficiency 
of eigine by causing the charge to be fully ignited, as shown 
above, when the piston just begins its power stroke. 

There is therefore nothing to guide the operator in changing 
the spark advance, except his judgment as to whether the 
engine is running properly or not. 

When a fixed-spark magneto is used the best advance at 
which to set the spark must be determined by trial, and once 
the magneto coupling is clamped in position it should not be 
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altered. It will thus be seen the fixed-spark device entirely 
eliminates the personal equations of the operator in altering 
the advance. 

As it is explained above, the intensity of the spark produced 
by the magneto depends on the speed of the engine. When 
the engine is running slowly the irtensity of the spark is less, 
and the charge is ignited slower, and thus the full force of the 
explosion is not accomplished until the piston about begins 
its power stroke. At high speeds the intensity of the spark 
is greater and, consequently, the ignition faster, so that again 
the explosive force is produced just about the period when 
the piston begins its power stroke. 

Angle.of Advance.—The best advance at which to set the 
magneto must depend on the style of engine and should be 
determined by trial. It must not be so great as to cause a 
“ kick back” when cranking by hand or to knock when run- 
ning at low speeds. Yet it should be-as great as the engine 
will stand without causing any of these faults. Ordinarily 
the angle of advance will be from 5 degrees to 15 degrees 
ahead of the crank, depending on size and style of engine. 

Spark Plug.—The mica spark plug is by far the most satis- 
factory plug and should be used in preference to the porcelain 
plugs. The porcelain plugs are liable to crack with the heat, 
thus causing the packing to loosen and likewise alter the gap 
between the electrodes. The mica plug has none of these 
objections and will run for years with ‘only occasionally ad- 
justing the gap between the electrodes. 


PRECAUTIONS TO BE TAKEN IN THE CARE AND OPERATION 
OF ENGINES. 


General Supervision.—The greatest cause of any unrelia- 
bility which the gas engine of today may have is due'to the 
want of proper care in operation. It is astonishing to see the 
great lack of knowledge afd efficiency displayed’ by many 
who run and take care of these engines. - It may be well to 
enumerate a few of the most important rules and suggestions 
to be followed, and if these are regularly attended to in the 
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operation of a well-designed and constructed engine, one may 
be confident that a most satisfactory and enduring machine 
will be found in this form of motor. 

If the engine is constantly running a careful inspection 
should be made daily of all nuts, bolts and springs, and com- 
pression noted when cranking. All bearings should be oiled 
and grease cups given half a turn. 

Spark plugs should be inspected about once each month, 
cleaned if necessary, and the distance between the points of 
the electrodes adjusted to about .5 millimeter. This dis- 
tance depends on style of motor and compression, so that a 
fixed rule for all cannot be given. All electrical connections 
should be kept tight and free from dirt and oil. ; 

The magneto should be oiled with two or three drops of 
best sewing-machine oil about once each week, but great care 
must be taken not to allow oil to get on the contact breaker 
or the points. This part of the magneto should be inspected 
each week when oiling up the instrument. The contact 
breaker should be carefully wiped with a clean, soft, thin 
cloth to make sure that it is clean and free from oil. A nar- 
row strip of clean writing paper drawn between the points 
when they are pressed together will show if there is any oil 
on them. 

If oil or dirt gets on the contact-breaker points the surfaces 
will not only become scored or uneven from being burned, 
but uneven firing will result. When this happens the points 
will have to be very carefully dressed up with a fine, thin file. 
However, if the points are kept perfectly clean this will not 
have to be done. The distance between the points must be 
adjusted to about .5 millimeter when open. This distance 
depends on make of magneto used. 

Carburetion—The majority of gas engines are operated 
with the mixture too rich. One reason for this is the mixture 
must be rich in order to start the engine, and then it is not 
changed after the engine is started. With a carburetor fitted 
with a gasoline-controlling needle valve, as above explained, 
the mixture can be adjusted at will while the engine is run- 
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ning. The mixture at all times should be kept just as lean 
as possible. This will economize fuel and.prevent spark plugs 
and cylinders becoming foul. After the engitle is running 
and has become well heated up, then close off the needle valve 
gradually, just as much as the engine will stand. One will 
be surprised to see with how little gasoline it cambe operated. 
When the engine is slowed down or working to bells it must 
be opened a little, and, of course, when starting it must be 
well opened. A little practice in working this valve will 
soon show the operator just what the best adjustments are for 
different conditions. 

Value of Graphite as Lubricant.—Graphite judiciously used 
in small quantities is an excellent lubricant when mixed with 
oil or grease. It is particularly good for the walls of the cylin- 
ders of the gas engines, as it is not affected by the high tem- 
perature produced bythe combustion of the explosive mixtures. 
The oil burns up while the graphite remains. Graphite, how- 
ever, has got in bad repute in many instances by too much of 
it being used, and the greatest of care should be taken to use 
it only in small quantities, as any considerable accumulation 
is liable to stop up oil holes and pipes and clog up exhaust 
passages. 

Powdered flake graphite may be efficiently mixed with the 
grease and oil. About a quarter of a teaspoonful should be 
put into an oil-squirt can containing oil, and well shaken up 
before using, as the graphite is heavier than oil and settles to 
the bottom if not well mixed. In engines where the splash 
system only is used about an eighth of a teaspoonful of graph- 
ite may be put into the oil pocket under each cylinder once 
each month. When the crank case is cleaned out and new 
oil substituted twice this amount of graphite may be used.in 
each pocket. Where there is a forced-feed return-oil system 
the use of graphite is not recommended, as it is liable to co!lect 
_in the oil pipes and clog them up. A small quantity blown 
into the cylinders, mixed with the oil, or applied to the walls 
of the cylinders occasionally, will be found very beneficial. 
Value of Acetone in the Eradication of Carbon from Com- 
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bustion Chambers and Exhaust Passages.—Despite the most 
intelligent care that may be exercised in regulating the con- 
sumption of gAsoline and oil, carbon will form in the combustion 
chambers, on top of the pistons and in the exhaust passages 
of gas engines. One of the best ways of removing this carbon 
is to use séme substance which will loosen the carbon from 
the containing wall. There are several such substances on the 
market, some of which are quitegood. The main constituent 
of them all is “ Acetone” (pyroacetic ether), which is, in itself 
probably the best carbon remover known. It is absolutely 
harmless, and, if properly used with intelligence, will satis- 
factorily accomplish the purpose intended. 

Acetone is a commercial product and can be obtained at most 
all large or wholesale drug stores. Its use is recommended 
in preference to all other articles. 

When injected into a warm cylinder acetone is converted 
into a gas, and if the cylinder is kept tightly closed for 1o to 
12 hours it will separate the carbon from the walls of the 
cylinder. It does not dissolve the carbon, ‘but will simply 
loosen it so that the carbon falls off from the cylinder walls 
and may be blown out through the exhaust. 

About once each month or oftener the carbon that has 
accumulated should be removed. The directions for using 
acetone are as follows: Warm the engine by running it 
about ten minutes or so. The engine must not be too hot, 
yet it must be warm enough to convert the acetone into a gas. 
Arrange the valve mechanism so that all the valves are tightly 
closed and no gas will-escape. If this cannot be done, then 
arrange matters so that half the cylinders will have their valves 
closed. ‘This isan easy matter, as it is only necessary to crank 
the engine until one cylinder is on the compression stroke 
and another one is on the firing stroke ; where there is a four- 
cylinder motor, two cylinders can be treated one day and the 
other two the next day. 

Remove the spark plugs and inject into each cylinder, with 
an oil gun, from two to four ounces of acetone, being careful 
to replace the spark plugs at once before any of the gas escapes. 
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Let the engine stand overnight and start up in regular way next 
morning, and then the carbon can be nearly all blown out 
through the exhaust. A little study and practice is required 
with different types of engines, in order to determine the best 
temperature, the amount of acetone to use, and how often it 
must be used to produce the best results. It sometimes happens 
after using a substance like acetone that a little carbon will 
lodge on a valve seat and cause a cylinder to lose its com- 
pression. In this case simply grind in the valve with a little 
kerosene, and this will generally remove the loose carbon off 
the valve seat. 

An engine must not be allowed to go too long a time with- 
out having the carbon removed, because when the carbon 
becomes very hard it is difficult to remove it except by scraping. 
However, if acetone is intelligently used good results are sure 
to follow, and one will be repaid for using it. 

While the above directions for taking care of an engine 
may seem to some, at first sight, to be arduous, in reality they 
are not. If those who operate gas engines would get them- 
selves into a regular routine of attending to these details they 
would soon become experts in detecting faults. The work 
required to be done in properly caring fer a gas engine is so 
moderate and the results obtained so satisfactory that those 
exercising this care will be amply repaid for their labor and 
attention. 

The Existing Inherent Weakness of Gas-Engine Design 
and Construction.—While there may be a sufficient reserve 
factor of safety established by designers of small gas and gaso- 
line engines, there is no doubt but that the serious impair- 
ments which have occurred to both gas and gasoline machinery 
of extensive if not of moderate horsepower, is due to the inad- 
equate factor of safety that has been emploved in designing 
the various parts of heavy machinery of the explosive type. 

The strain to which explosive engines are subjected may 
be likened to that of an appliance which is revolved by a series 
of rapid intermittent blows rather than by the comparatively 
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uniform pressure that exists in such a motor as the steam 
engine. 

It is probably undeniable that, if the factor of safety of certain 
parts of explosive engines were doubled when designing such 
machinery (thereby permitting larger-sized shafts, heavier 
housings and thicker cylinders to be installed), the efficiency 
and endurance of such machinery would be greatly promoted. 

The experience of all Navies in the operation and develop- 
ment of submarine boats bears testimony to the fact that a 
decidedly too small factor of safety is employed in the design 
of such machines. The shafts are probably too small in 
diameter to withstand the impulsive heavy shock to which 
they are subjected and the housings too light for the condi- 
tion under which the engines are operated. The efficient 
operation of the submarines for protracted periods will prob- 
ably never be brought about until the factor of safety of such 
machinery is increased and heavier engines thereby installed. 
The installation of considerable additional machinery weights 
can probably only be effected at the expense of other important 
features of construction. The general unsatisfactory endur- 
ance of such machinery, however, undoubtedly shows that 
the existing installations are too light for continuous work. 
Naval officials in particular should therefore give special con- 
sideration to the question as to whether the time is not oppor- 
tune for providing a larger factor of safety for all integral 
parts of explosive engines that would be commensurate with 
the excessive and unusual character of stress to which the 
various parts of such machinery are subjected. 

General Observations.—There is no mystery either aenait 
the design or operation of the modern gas engine that should 
ultimately prevent its more general adoption for both indus- 
trial and maritime purposes. The principal hindrance here-- 
tofore to its more extended use has been due to the fact that 
too many experts have been prone to regard this type of motor 
as an instrument of precision and as an appliance that required 
exceptional skill and intelligence in its design, manufacture 
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and operation. The development and more extended use of 
the gas engine will be effected if its salient principles are 
made more fully known to engineering students and intelli- 
gent mechanics rather than by depending entirely upon the 
research work and investigation of a comparatively few skilled 


designers and technical experts for further improvement and 
efficiency. 
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NOTES. 


‘*THE SAVING OF HEAT UNITS IN MARINE MACHINERY.’’ 
DISCUSSION OF PAPER. 
By LEo Logs, M. E., ASSOCIATE. 


The paper of Lieutenant Commander tayo in the August JouRNAL 
under the above title considers in detail the design and operation of main 
and auxiliary machinery on board ship with a view of securing better 
economy. With respect to the section on Reheaters and Series Feed 
Heaters, the results of theoretical ecomony are greater than would be 
expected in a case where such a small part of the steam in its passage 
through the engine is diverted from its usual course of adiabatic expansion 
and used for reheating and feed heating. The figures on pages 384 to 388 
have accordingly been checked, using Marks and Davis’ Steam Tables, and 
assuming that each of the pressure conditions in the original examples was 
on the absolute scale. 

The first example, in which dry saturated steam is expanded through a 
triple-expansion engine from 260 pounds absolute to 1.5 pounds absolute 
with receiver pressures of 110 and 25 pounds absolute, yields the following : 


Initial pressure, pounds absolute...............cssseccssseccssseceeeee sosseeees 260 
Terminal pressure, pounds absolute.......... Seu cdnanovndguep sieves sesgucaseas 1.5 
Heat content of entering steam, B.t.u. per pound................s.scee0e 1,202.0 
BERRA ARMM oss dcccivc sede eae abe sd aceh slices KotetnsusaseVelvacdsepeesee dk vesestbe 1.000 
BEAM URN ir sess Sci sh bog dans Wiech ssccuaugesenbasdabhe dass sous peseksb ets cones 0.766 
Heat content of exhaust steam, B.t.u. per pound................eceeeeee 870.6 
Heat abstracted, B.t.u. per pound...............ss00sceceresoeeeesessenseeeeees 331.4 


Assuming the moisture at the exhaust from each cylinder to be trapped 
from the receivers and used to heat feed water to 200 degrees F., 





Heat content of entering steam, B.t.u. per pound...............cccceneee 1,202.0 
RARE AAICY, neh cns anc cenes cape spkens (oe tancsss tedy shee agtnes. Abesecegesescnegs 1.000 
Quality after expansion to 110 pounds absolute...............ssscceseeees 0.937 
Heat content after expansion to 110 pounds absolute 1,132.6 
Heat extracted, B.t.u. per pound...........sccccccrssscccccsscceseeees sessecees 69.4 


6.3 per cent. moisture at 334.8 degrees F. is drawn off, and when utilized 
for feed heating to 200 degrees F. would yield in B.t.u. per pound, 
.063 X (305.5— 167.9) . ...... 87 


The dry steam remaining, 93.7 per cent. of the original weight, is then 
expanded in the intermediate to 25 pounds absolute. 






Heat content of entering steam; B.t.u. per pound............... nae eer 1,188.0 
Quality after expansion........ opiewsaben eet fereuhetsdeneaseassceacengaseced -9I2 
Heat content after expansion, B.t.u. per pound .-- 1,076.8 
Heat extracted, B.t.u. per pound.............. pein Geusckaiesagdea sus etdncason III.2 
Heat extracted per pound of original feed, .937>X 111.2........00-c000 104.2 


8.8 per cent. moisture at 240.1 degrees is drawn off, and when utilized for 
feed heating at 200 degrees F. would yield, in B.t.u. per pound of original 


.088 X (208.4 — 167.9) X937 . . «6. + 43 


feed, 
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The remaining dry steam is then expanded in the low-pressure cylinder 
to 1.5 pounds absolute, 


Heat content of entering steam, B.t.u. per pound........cs.sseeeeceeees 1,160.4 
Quality after expansion...........ccccssccsesersseceecceecessscescescsceeeeceseeees 0.873 
Heat content after expansion, B.t.u. per pound............se00 becadaecss 979.5 
Heat extracted, B.t.u. per pound..............ccccccecsseeeerecssseeceesencenees 180.6 


Heat extracted, B.t.u, per pound of original feed, 
-937 X .g12X 180.6... . .. + 154.2 


Totals : B.t.u. 
FRR is. csesviccdstuscesissicacaunadenancitiss sinbisd aavizididneavideedevodsietseents 69.4 
Tesbétinediate:si:ccciinsiccccceveds sidewwsreneidesaiswuciiuvivadviionennivdsn deeded 104.2 
EW. cinta cesdad tecaxeaceaisveswavaviwecissiaatestesasbeassvenssceacdedgnioné jranehonbe 154.2 
Bifet: reel ver ccscoissssccviaviewecasesecatkenstvnaidasdadideceazaddacadseas i aa 8.7 
WORDING COOET COE oi 5 fia ans idinns divas tie eGR eins cnc ceiccncedden savsoeasassucee 3.3 

POUWE  cicis css sai cssengécsesgasecsecaccateut sdivsbancci tavceucateramibieeal 339.8 

Ditect Gx paneiont...<-. <ccece....i5: cccsedesceesesedscacenketelees peveVedeecsanes sheet 331.4 

DAGPONOG ii iisiseisccas icisocnacisssdsavcccseseriaeis et ; ppaaRL, 8.4 


For the second example, in which steam at 260 pounds absolute, super- 
heated 75 degrees, is used in a triple-expansion engine with receiver pressure 
of 110 and 50 pounds absolute, and exhausted from the low-pressure cylinder 
at 15 pounds absolute for final utilization in an exhaust turbine to 1 pound 
absolute, the quantities are : 


Initial pressure, pounds absolute............:.seseessssseccessceceesaceeeseeees 260, 
Terminal pressure, pounds absolute......... bavi secaak test sochacenen ee rr 1.0 
Initial quality superheat, degrees............cccsccssscesseceeseeeessseeseceeees 75- 
Heat content entering steam, B.t.u. per vound,............scsseessesceees 1,250.7 
FPL ORANG W sss ost onantucobsasesemnbtanndapesdinssb esas silecengite<chaetabagetitarss 0.784 
Heat content of exhaust steam, B.t.u. per pound................ccssesees 880.6 
Heat abstracted B.t.u. per pound.....s.....sesceereseenenes actsiniiaas shinai 370.1 


Now, carrying the expansions by stages and considering the exhaust from 
the second receiver to be used for reheating the low-pressure exhaust and 
then for feed heating to 200 degrees F. : 


Heat content of entering steam, B.t.u. per pound 





Initial condition superheat, degrees..........c0.ccccsececcceecescceseenererens 75. 
Quality after expansion to t10 pounds absolute.............c..cceeeeee 
Quality after expansion to 50 pounds absolute................sceeee seco -939 
Heat content after expansion, B.t.u. per pound..................ceeceeese 1,117.3 
Heat extracted, B.t.u. per pound ..........ssccccsssseccesceessccescecssoerceres 133.4 


6.1 per cent. moisture at 281 degrees is drawn off, and when utilized for 

reheating and feed heating at 200 degrees F. would yield, in B.t.u. per pound, 

sO6T X (250.1 —167.9) ......cccccesesceeceecsscessesees 5.0 

The remaining dry steam is then expanded in the low-pressure cylinder 
to 15 pounds absolute. 


Heat content of entering steam, B.t.u. per pound.....................08 1,173.6 
Quality after expansion ............cccecrcecccccssccocccsescce sescccesecescereesces -933 
Heat content after expansion, B.t.u. per pound......... i wideidaaese gtatinad 1,085.7 
Heat extracted, B.t.u. per POUund......000......seceeceesserssseseeeosscssensees 87.9 
Heat extracted per pound of original feed, .939 X 87.9.......cseseesee 82.5 


Of the 5.0 B.t.u. rejected in water of condensation in the low-pressure 
receiver, 3.1 B.t.u. is utilized in reheating and 1.9 in feed heating. 
Total heat of steam to low-pressure turbine after 3.1 B.t.u. reheating is 


48 
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BViths PEC POUM siccicess ctosséectesesecauescdessonsseaes cbaatestadeceneecgsenehessesis” LiOUG 
Quality after reheating 
Quality after expansion to 1.0 pound absolute........6.....ceessesersrees 830 
Heat content after expansion, B.t.u. per pound............. $b Outages cones 929.5 

Heat extracted, B.t.u. per pound 





ibe Keg sk « pp ob olde « obi adeanhna4 dh ow epeddanoticts 159.3 
Heat extracted, B.t.u. per pound of original feed 
GAG DOCG GU ep TA sins teases 149.7 
Totals : B.t.u. 
High and intermediate ...............2. sscccsssscsscessscecceeessssssenssssecoes 133-4 
TQM bs oSicedicad habe eannbaphoshastewatdas saan tddeces ensgaecsuuqensteng ese cteshecsialsanas 82.5 
SSNMTIE cans nav danstnandnnaponisohvnsssdioenseaoo nih nagansdpabenanssedscsanssa@elan 149.7 
oe Ep y PPE) ONS OL OTE PETE” Me AP EE OTT MRO gE REE ET TPR Tyr 3.1 
POG OCI cin cacaidsccancrsudcaicssaaicesdsosnonnesaodsocoapahponscohepnes anne . 1.9 
ROOM cic veciccdusckaik ick oe pwictde vom aoiee Waucvinancduesedee pbasSacapeapuaad 370.6 
Direct expansion........ oie tte by Pye mere Sp EEE peta Hes Yaar ay Rives 370.1 
TL CROTICE: scmrancesancccccovsccssoecsseasennstissbpienices bOI @EMebs 0.5 


So that theoretically the gain is insignificant and is due to the conversion 
into feed heat of waste heat from the cylinders. Actually the gain is, as 
pointed out by Lieutenant Commander Dinger, much greater, because initial 
condensation accounts for a larger percentage of moisture than adiabatic 
ry snp and the removal of this water of condensation at each stage pro- 
vides a source for greater reheating. 

As an example of what may be accomplished by reheating there are available 
several reliable tests of stationary engines of smaller power than those found 
in marine practice. 

A Rice and Sargeant engine, 20.03 inches and 40 inches < 42 inches, 120 
r.p.m., tested by Prof. Jacobus, had reheater coils supplied with live steam 
as well as high and low cylinder-head jackets. The high-pressure clearance 
was 4.7 per cent. and the low-pressure clearance 7 per cent, 

Results of tests at two loads are as follows: 








I. Il. 
BREE insat vais nn bo tathgnieatacssavcedd. <seeans is Sah awoc ead <catae nah 1,004.3 853.3 
Steam pressure, pounds absolute ............cccseeceessseeseee 162.8 164.7 
Vacuum, Poande absolute.. ..... Pempmenrnene th Pep y on yree 1.22 1,00 
QualiSy OF StEAIT...0:.000 cccesccceceseesn sce seccensusSepinagly «ot geeeids 997 .997 
Total steam per hour, including jacket and reheater 

steam, pounds.............00 an scKdde bbbbibigowe Vobinnhep ae.absqei eat 12,803. 10,520. 

Jacket and reheater steam, pounds per hour......... seqeen 3h 7 Se 1,042... 
Steam per I.H.P. hour, pounds......... .scceses sesseesers oer 12.75 12.33 
Quality of steam at cut-off in the high..............c..ce0 .886 887 
Theoretical thermal efficiency......... qaset odes kts e828 28.1 28.7 
Actual thermal efficiency..................0065. Beka Slept reps ie 17.8 18.4 
Per cent. ideal efficiency attained 63.3 63.9 


On a similar engine of somewhat smaller dimensions, 16.07 inches and 
28.03 inches by 42 inches, the performance with superheat was: 


I.H.P....... nalidnpre shu ponnupipaamedapuoncKdergrecsssiprrpmancen vevese ALORS Lo bd gees 420.4 
Steam pressure, pounds absolute ..... 
Vacuum, pounds absolute 

Superheat, degrees F.,..........00 
Steam per I.H.P. hour 


Lue RR ALI SVT ERS 





Fetdaearepeciiedegistes suas ties ouapist iacads cosesaeeboaieas noses 9.56 
Theoretical thermal efficiency ......... oo. tecccecesssesenessceeecsenreeees soeeee 

Actual thermal efficiency 
Per cent. ideal efficiency attained.................scceees 
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This engine was equipped with Schmidt receivers, in which reheating was 
accomplished by a portion of the superheated steam going to the high- 
pressure cylinder. 

The efficiencies referred to in Lieutenant Commander Dinger’s paper are 
in most cases apparently the per cent. of ideal efficiency attained. His state- 
ment ‘‘it is not unusual to secure 80 to 85. per cent. efficiency in large recip- 
rocating engines ashore. . Eighty per cent. has been guaranteed for many 
years,’’ must be taken to refer to mechanical efficiencies, since the numbers 
cited are somewhat larger than the best stationary practice. A summary of 
reliable data on the best performance of certain stationary generator engines 
is given in Table I. In calculating the theoretical thermal efficiency 90 per 
cent, is assumed for the combined engine and generator efficiency. 

For the same class of service the high-pressure turbine at high speed 
750 r.p.m. to 3,000 r.p.m. has shown no higher ecomony, the most reliable 
figures for each of the several types being : 


Per cent. thermal efficiency attained. 
Low speed, High speed, 
1,000 r.p.m. _1,000-3,000 r.p.m1. 


Curtis ParsOng 50555 55:5%. 5.0. ccs se tizcieesenete 7 67.0 to 71.3 
PArSOMS........sssceeeeeeee i doasasieeaueesausst pen ebates 64.3 to 68.8 
Curtis:Riteati.... iiss. ccc ccecssasbstbelsseccdccdeced 67.0 to 68.7 
BOC G eon adisiaccstedcesescstsdtiaeseuribecnerttectte 65.7 to 67.5 
Rateau Scogghceh ocwsssdsuesdgens cab eneeedaanges set 66.1 
ait yal Son eeeepoapeep ery tr mmeberer ett ti tracey cote cs 61.9 to 66.5 


The Heaton Works of the C. A. Parsons and Co., Limited, have just 
completed for the Commonwealth Edison Company, Chicago, III., a 25,000- 
kilowatt set which mounts on one shaft a single-flow, parallel-type, high- 
pressure turbine, and a double-flow low-pressure turbine flexibly coupled to 
a three-phase, 25-cycle, 4,500-volt alternator. The speed is 750 r.p.m., and 
the guaranteed steam consumption with 200 pounds throttle pressure, 200 
degrees superheat and one inch of mercury absolute back pressure is 11.25 
pounds per kilowatt hour, with a penalty and bonus correction of 2,500 
dollars per one-fifth pound variation from 11.25. 

This guarantee, if accomplished, will result in an overall thermal efficiency 
of 72.5 per cent. of the ideal. Since the generator efficiency of so large a 
unit is undoubtedly as high as 96 per cent., the thermal efficiency of the 
turbine alone is 75.6 per cent. of the ideal, a result which is probably the very 
best obtainable from a typical Parsons design. Reduced to shaft-horsepower 
performance, the guaranteed economy is 8.09 pounds. per hour as agaitist a 
theoretical of 6.07, a figure not heretofore attained in marine practice, 

The most notable betterment of plant economy produced by the addition 
of low-pressure turbines to compound reciprocating engines is that shown 
by the 59th Street. Station of the Interborough Rapid Transit Company 
of New York. This station, with a capacity of 67,500 kilowatts generated 
with double compound Allis engines at 75 r.p.m., met the demand for 
increased power by installing a Curtis low-pressure turbine at the exhaust 
end of each of the 7,500-kilowatt engine units, and practically doubled the 
capacity of the plant with the ouly additional expense of the turbine and its 
generator, and of larger capacity in condenser and air pumps. : 

When the extension of this plant was considered, the engineers carefully 


investigated the possibility of increased economy from’ the following prime 
movers : 


1) Gas engines ; 
2) Water-power development from upstate falls ; 
3) High-pressure turbines ; 
(4) Combination low-pressure turbines with existing engines. 
The first possibility was rejected because it was feared that at that stage 
(1910) of the development of the gas engine the plant could not meet the re- 
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quirement of a total interrupted service of less than ten minutes per annum, as 
well as involving 35.per cent. increased initial cost and four to nine times 
maintenance cost of a steam plant. The second was abandoned for similar 
reasons, arising, however, from distant control and high cost of double trans- ~ 
mission line rather than unreliability, and, between the third and fourth, the 
latter was chosen because of better guarantee of economy and less original 
investment, this second item, however, being of scant importance where the 
operating expense is so large as compared with first cost. 

The results obtained with one unit in the remodeled plant were so favor- 
able that. the other eight units were quickly converted. From a steam 
economy as shown by the last item of Table I, 17.82 pounds per kilowatt 


hour, the performance came to 13.19 pounds per kilowatt hour, measured at 
the switchboard. The details of the two tests are : 






Engine Engine and 

alone. L.P. turbine. 
Load, in kilowatts...... aed POs csix se steckasakees 5,496 11,240 
Steam pressure, pounds 7 194.0 
Quality of steam............... 98.6° sup. 
Vacuum, 29.92 inches barometer..............sss.s00 “% 25.02 28.73 
Steam per kilowatt hour..............scccssccsscssseesees 17.82 13.19 
Thermal efficiency, per Cent.............000008 sieeseiee ss 17.5 22.8 
Theoretical thermal efficiency, per cent.............. 24.0 28.0 
Per cent. theoretical efficiency attained.............. 72.9 81.5 
Steam per I.H.P. hour (calculated) .......06....0000 12.78 9.45 


It is apparent that some of the qin is due to the better vacuum and super- 
heat, but it must be borne in mind that the engine is not able to utilize those 
advantages to the same extent as the turbine. The same care in the selec- 
tion of units for marine installation should therefore result in a water rate of 
ten pounds per shaft horsepower. 

A discussion of the economy of engines would be incomplete without some 
reference to the Una-flow steam engine, the recent development of Dr. J. 
Stumpf, of Berlin. This engine embodies some points of design which are 
distinct reversions from what had been considered best practice, in that the 
expansion is carried from throttle pressure to exhaust in one cylinder. Steam 
is admitted through poppet valves in the cylinder heads and exhausts through 
diamond-shaped ports at the center of the cylinder, The exhaust ports are 
uncovered by the piston, which has in this engine a length about equal to 
the stroke requiring a cylinder length of double the stroke. Compression is 
therefore fixed by the position of the exhaust ports, and compression pressure 
is carried to inlet steam pressure, so that the cylinder head and piston are 
heated to almost steam temperature before live steam is admitted. The basis 
of the claims for the economy of this engine are made upon the reduction of 
cylinder condensation, since live steam comes in contact with metal walls of 
its own temperature and the steam flow is from the head to the exhaust end, 
whence the name ‘‘una-flow.’’ Beside the saving in steam accomplished by 
this engine, there is a reduction in the number of working parts—the entire 
number of parts for one engine being 33, as against about 120 for a triple- 
expansion engine of the same power—less weight per horsepower, which for 
naval work is in part counterbalanced by the disadvantage of greater head 
room for the long cylinder. Topermit complete expansion in a single cylindet 
the cut-off for economical operation must be very early, amounting at normal 
full load to 12 per cent. The greatly increased power to be obtained by 
lengthening the cut-off is a factor of tactical value when a great amount of 
power is required at a time when economy is net paramount. Moreover, 
this engine develops the excess power without increasing the stress on any 
parts of the engine except those subjected to dynamic forces. No tests of 
the Una-flow engine in sizes suitable for marine purposes have been noted, 
but the results on a 17,.5-inch < 23.5-inch, 180-r.p.m engine are interesting 
as indicating possibilities. 




















NOTES. 703 
I. II. 
Londe Leh sidtsisedccscoss isin aninhavenaceee sabdedhecaseqedieesnunedane,, ROALG 184.0 
BiBt. Biicsacecatcais nds Ligka Nib acinsbdi a onanveenlelihnatsckdeas tees 161.4 162.0 
kilowatts ...............sc0ees edpnhnSskaiess dsbsleaadon semaines ee 108.7 109.0 
Steam pressure, pounds gage .......ccecccsccsssserecessscessereeses 13967 138.4 
Quality ........sss0ee» patbndaeauesexapieh pnenisdaesseadaasenccendpeecescestacs 306° sup. Dry. 
Vacuum, 29.92 inches barometer......,....... gondens sasdecunnons +. 27.92 27.82 
Beka sasnc ras caeisnnisens piptactsiasstes:pcnsas pence sccasccaagense cencdes Lge 178.0 
Steam per I.H.P. hour............ccccssssesscessssessessssccsscereeses 9.54 13.64 
POL BET. WOUE. cvesiseccecesssscccisheegacssncre escancacetesson | OREO 15.46 
per kilowatt hour ................. spaeisaenbetitaritkessthaaed 16.39 23.21 


Another engine of the same type, with cylinders 23 inches < 31 inches, 
showed a steam consumption of 8.82 pounds per I.H.P. hour with superheat 
of 258 degrees, but the possibility of water rates of 8.0 pounds to 9.0 pounds 
per I.H.P. are remote, except with extremely high superheat, in which case 
poe eneing is only nominal, for there must be a greater heat generation in the 

iler. 

Great saving of heat can be accomplished, as was poiated out, in the 
operation of auxiliaries. Three other pists might be added as worthy of 
attention: the careful lagging of all high-pressure piping, particularly 
flanges and fittings, from which the radiation of heat is very rapid ; prompt 
attention to all steam leaks, and great care in boiler-room wastes. A one- 
eighth inch opening in a line carrying steam at 200 pounds pressure will leak 
over 3,200 pounds of steam in twenty-four hours, the coal equivalent of 
which is 450 pounds. It would not require many weeping gaskets to produce 
an equal waste. Leaks in boiler casings are costly consumers of heat units, 
and — utmost care in eliminating them wilt be rewarded by enviable coal 
records. 


TABLE I.—ECONOMY OF GENERATOR ENGINES. 
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DIESEL-ENGINE CYLINDER DIMENSIONS. 


As a result of the large amount of experimental work that has been 
carried out within the last few years by several famous continental firms, 
it is now possible to determine in a fairly definite way the cylinder 
dimensions of Diesel engines of the two and four-cycle types for marine 
purposes, 

Although asa rule we can predict economies better in internal-com- 
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bustion engines than in steam engines, it is not safe to rely on calculation 
alone in power determinations, for we cannot get nearly the same power 
from an engine that theoretical considerations would lead us to expect. 
It is also questionable if it would be economical to use much higher mean 
pressures than we at present obtain, for the simple reason that high mean 
pressures generally mean high terminal pressures, and it is not economical 
to exhaust at a high terminal pressure. Until means are found of utiliz- 
ing the toe of the diagram, it is not wise to attempt more than we now 
obtain. Higher mean pressures in the cylinder produce higher mean bear- 
ing pressures, and all bearing surfaces would have to be increased. We 
know that it is already bearing pressures, as much as anything else, that 
fix crankshaft and crosshead-pin dimensions. In naval work, of course, 
it might be more economical to design with a view to obtaining the highest 
mean pressures possible, because naval engines are as a rule only called 
upon to give out their maximum power for short periods, 

In this connection the suggestions of Professor Junkers, and those given 
in a paper before the Institution of Engineers and Shipbuilders in Scot- 
land (“ Engineering,” May 3, 1912, page 605), seem worthy of attention. 
There it was proposed to work Diesel engines in an atmosphere much 
denser than that we breathe, such increased pressure being obtained in 
the manner explained'in the paper just referred to. We have heard of 
the failure of some contracts for internal-combustion engines to work in 
high altitudes, due to the fact that the rarefied condition of the atmos- 
phere was not taken into account in designing the engines, with the result 
that the plant failed to give out anything like the power expected. 

It does not require any elaborate. calculations to show that, with prop- 
erly-designed apparatus, working under more than atmospheric pressure, 
an increase of 25 to 50 per cent. in the power over the maximum that 
could be obtained under normal conditions-is possible. The arguments 
that might be used against this system are no more serious than those 
that could be used against forced draft, as we know it. In fact, if we con- 
sider the two-cycle system as the only system likely to be used in warship 
work, the arguments are much less cogent, for it is possible to obtain these 
overloads without the necessity of adopting closed engine rooms or sub- 
jecting the engine- room staff to anything but atmospheric pressure. As 
pointed out in the paper already referred to, it is only necessary to increase 
the pressure of the scavenging air by increasing the speed of the scaveng- 
ing-air pumps, and at the same time to increase the back pressure on the 
exhaust side, so that the main engines would start compressing their 
charge at, say, 21 pounds per square inch absolute, or more, as against the 
customary 14.7 pounds to 16. pounds per square inch absolute. To increase 
the back pressure on the engine the simple water seal or throttle sug- 
gested would not cost much, and when the double doors, power-driven 
fans, sealed stokeholds, &c., of the usual steam installations are consid- 
ered, the system, when applied to internal-combustion engines, is extremely 
simple and cheap. 

With regard to engines for ordinary work, the economical amount of 
power that can be obtained from them is now well established, and it is 
quite a simple matter to determine the cylinder sizes of any new engines. 
There are, however, many considerations that vitally affect the power, 
efficiency and life of these engines that should be noted when deciding 
on the design and scavenging arrangements, especially of two-cycle cyl- 
inders, The crank-case compression Diesel engine is, for many reasons, 
not likely to appear. he chief one is that crank-case scavenging is 
notoriously inefficient, and. the indicated mean pressure that could be sup- 
ported in the cylinder would hardly exceed 50 pounds per square inch. 
With other systems of scavenging as. much as 140 pounds per square inch 
indicated mean pressure has been obtained, so that this comparison is 
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rather striking. Also, since Diesel pressures are used, the crank-case 
compression engine would require-to be designed to withstand those, and 
its weight per brake horsepower would therefore be quite inadmissible. 
Again, the economical piston speed for crank-case compression engines is 
about 700 feet per minute; whereas for other systems of scavenging the 
piston speed can be pushed up to 1,200 feet per minute economically. 
With crank-case compression the volumetric efficiency falls off so rapidly 
with the increase in speed that the power begins to fall away instead of to 
increase. 

From another point of view this system of scavenging is bad. It means 
that half of the cylinder circumference only is available for the exhaust 
ports, while the other half is used for the scavenging ports. Hence the 
exhaust losses are much greater, because of the restricted area available 
for exhaust ports, and these ports require to be fairly long in comparison 
with the ports for other systems, a fact which makes the toe of the indi- 
cator diagram much longer, thus showing another loss. Annexed are two 
cards—one from a Diesel engine which introduced the scavenging air 
through valves in the. cylinder cover (Fig. 1) and consequently had: the 
whole circumference of the cylinder available for exhaust ports; and 
one (Fig. 2) from a port-scavenging engine. The difference in the toes 
is rather marked. 


Fig.t Fig.2 
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The chief drawback to scavenging through ports on one side of the 
cylinder and exhausting through others on the opposite side is that the 
bars on the scavenge side are much cooler than those on the exhaust 
side, and this causes unequal expansion, often resulting in cracked exhaust 
bars. Engines on'this system, but having separate liners, are not so liable 
to suffer from this defect, as the liner seems to be able to accommodate 
itself to the unequal expansions much better than when cast integral with 
the cylinder. The crank-case compression type, as a rule, involves a baffle 
on the piston, and this gives a most awkward and inefficient. shape to the 
combustion chamber, making it nearly impossible to obtain complete com- 
bustion with the little air that it is possible to get into the cylinder. The 
piston is also liable to crack on the crown, owing to its unsymmetrical 
shape, and it is necessary to give it more clearance fore and aft than 
athwartships to minimize any chances of seizing. It is also impossible to 
water-cool a part of the cylinder in way of the air ports, and to ithe 
touch, this part is always hotter than the water-cooled part. 

One or two designs have appeared in which most of the scavenging air 
is introduced through valves in the cylinder cover and the remainder intro- 
duced through ports nearly opposite the exhaust ports. It is difficult to 
adduce any reasons for this practice, and it is possibly only done to obtain 
a patented design different from any on thé market. This compound sys- 
tem complicates the scavenging air piping, and as the air-inlet ports are un- 
covered by means of a piston valve, it is. necessary to add gear for revers- 
ing this valve. It undoubtedly costs more in air. and power than would 
be necessary with a simple straightforward system, by which all the air 
was introduced through four valves placed in the cylinder cover. This 
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latter system is undoubtedly the best and most efficient. The exhaust 
products are swept out by a column of air with the minimum of inter- 
mixing, and the temperature changes all over the cylinder and piston are 
uniform. The whole circumference of the cylinder is available for ex- 
haust ports, and these can be short so as to give the shortest toe possible 
to the indicator card, 

The power of the engine being given, the first thing to determine is 
the proportions of the cylinders, and this can be done when a suitable 
stroke-bore ratio and piston speed have been selected. As a guide to de- 
signers, and as showing the practice of the most successful Diesel-engine 
builders, Tables I and II are given. These will guide the designer in his 
choice of a precedent. Table I refers to two-cycle engines, and Table II 
to four-cycle. 

TABLE I.—Two-Crove Encine. 



































Cylinders. | Ratio: Brake, 
Ne. of i ° Indicated ‘ 
Opin: | REP j_Aeroke | mp.a. | Piston | Mean | irate’! Name of Engine, Bumaass. 
Dis. -| Stroke. | Diameter sure. « 
4 |. 960 | -18. 22.8 45 10 {| 720 | 7 7 Monte Penedo 
4 110 84 | 186 L6 300 630 62 eo A. B. Diesela Port scavenging 
‘4 Fd 1. 16.9 L48 250 | 700 | 6 wn Ditto 
6 17. 21.25 Lg 165 | 685 | 61 81 Ditto 
3* | 1000 | 189 | 96.6 36 1% | 5390 | 61 76 M.A.N. Double acting 
3t | 000° | 31. 41.7 3 1609 | 10 | 76 98 itto Ditto 
6 wo | 6 8.66 25 550 | 700 | 46 eR Ditto Single-acting 
6 900 | 1m. 23.2 68 20 | 900 | 6 & tto Ditto 
. 10 | 6 8.6 3 550 | 790 | 585 cit F.LAT. 
4 | 1000 | 2165 / 315 1.45 150 70 | 47 62 Ditto Turin Exhibition 
4° | 1900 | 2165 | 315 L45 170 | 990} 60 67 Ditto Ditto, 
4 |' 1000 | 17.7 | 20 29 250 | 915 | 61 81 engine 
4 00 | 20) 360 Ls us | 60 | 61 81 Ditto * Eavestone ” 
1 | 1250 | 33 30.4 22 10 | 980 | 85 106 Ditto perimental 
6 1590 | 20 363 Bt 130 | 730 | 67 90 boat 
4 200 | HA 45 1.32 270 650 “4 58 ‘Thorn: Engine Co.'s design 
6 wo | 9. 1L8 12 450 | 885 68 7 Kru Submarine-boat engine 
6 | 1000 | 17.25 | 17.25} 10 300 | sez | & 7 John Cockerill 
3, | 60 | 15. 12.7 1.15 190 | 690 | 7 95 Junkers Builders, J. Frerichs 
4 1100 | 173 | 205 1.18 610 4 OB Di ito 
TABLE I1.—Fovur-Crcize Enoine. 

6 045! MIT] 16 730) 9 100 Joh. Tecklenborg, 
¢ | Bl 23.6 15. 190 | 750 | 76 % | Ditto 
s | wo] 1s, 14.8 Lu 0 | 72 0 | L. Noble and Oo. 
6 ; wo] 16.9 1 310 870 7% a | Ditto 
4 | 380 20.0 118 190 | oo | 7% 2 | Ditto 
4 | 800 | 177 | 267 1. 0 | 30 | 7% 93 Kolomna Co. 
6 | 60 180 u 250 | 70 | 72 90 Ditto 
3, wo} 1B 19.7 135 20 | 655 | 6 86 Werkspoor Sembilan 
6 | 450 | 16. 6 15 100 | 70 | 7 0 Valeanus 
6 | 0 | 2% 35.5 178 10 | s0 | 72 90 Ditto 
6 | 1100 | 2 34 | 168 10 | 90 | 6 76 Ditto 
. 0 | 13 0 10: 0 865 96 1077 Krupp Submarine engine 
6 420 | 13 14.8 Lt 400 | 990 70 |. 87 Normand Ditto 
8t | 1260 | 20 7 1.38 40 | 670 | 9 102 Burmeister & Wain Selandia 

















* Tojection separately dri: Injection alr-compressor and scavenging separately dri 
* F'Fioek cal scouts Ocaaes at Giien tines Lageoien reogree coe aie — 


Considering the two-cycle engine first, it will be noticed that for ordinary 
marine work the piston speed will be about 750 feet per. minute, and the 
stroke-bore ratio may be anything from 1.25 to 1.9, with a distinct prefer- 
ence for 1.9. By adopting a fairly low piston speed and a large stroke- 
bore ratio, the endeavor is to keep down the revolutions as far as possible, 
not so much because of propeller efficiency, but because the engine will 
last much longer, wear-and-tear will be less, and there will be greater 
freedom from breakdown. For naval work the piston speed may be 
increased to 1,000 or 1,200 feet per minute with impunity. The stroke- 
bore ratio yaries from 1.05 to 1.25, giving an average of 1.15. These 
high piston’ speeds and small stroke-bore ratios allow a light, low-lying 
engine to be made. 

In marine calculations it is usual to refer to the indicated mean pressure 
and indicated horsepower. In oil-engine work it has always been the 
custom to deal with the brake or shaft horsepower, and when we come to 
apply this method to marine purposes there will be some difficulty. If the 
indicated horsepower be given, this must be converted into brake horse- 
power by assuming a suitable mechanical efficiency for the type of engine 
under consideration. This depends both on the size and type of engine, 
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and whether the scavenging and injection air pumps are driven wholly 
or in part by the main-engine. For four-cycle engines up to 600 brake 
horsepower the mechanical efficiency may be taken at 80 per cent., and 
above this power at 85 per cent. In the case of the Selandia’s engines the 
mechanical efficiency was returned at 90 per cent., but the first two stages 
of the three-stage injection air compressor were separately driven, and it 
was not stated if this was allowed for in the figure given. If not, then 
the figure given would be reduced by 3 or 4 per cent. For two-cycle 
engines, driving their own scavenging and injection-air pumps, the me 
chanical efficiency ranges from 75 to 80 per cent., the difference depending 
greatly on the system of scavenging adopted. 

In calculating the size of the cylinder some designers allow so many cubic 
inches of piston displacement per brake horsepower, but such a figure 
conveys very little to the mind of the engineer who has been accustomed to 
dealing in pounds per square inch. Therefore, in the analysis of the 
engines listed in this article, it has been thought advisable to speak in 
pounds per square inch, and we have adopted the term brake mean 
pressure, which simply means the mean pressure calculated from the 
brake horsepower. Hence, if engines are designed by using such figures 
in calculating the sizes of the cylinders, it will be the shaft or brake 
horsepower that will be obtained. By taking into account the mechanical 
efficiency of the motor it will be easy to calculate the indicated mean 
pressure or indicated horsepower. ‘The brake mean pressure given in 
the table has been calculated on the assumption that all auxiliaries, such 
aS scavenging-air pumps, injection-air pumps, circulating-water pumps and 
gravity-oil pumps are driven by the main engine. Where this is not the 
case suitable allowances must be made, and in the tables all such cases 
have been specially noted. This method is a very convenient and direct 
way of treating the subject, and is the one now usually adopted for all 
moderate-powered installations. 

From the tables it will be seen that no very definite pressures are used, 
every maker, as one would expect from the radical differences in design, 
getting different results. A knowledge of the constructional details of the 
various engines listed will enable one to trace why one engine is so 
much better than another in this respect. The tables contain a selection 
of practically all the large engines built or building, and in every case 
refers to Continental practice, since, so far, British practice is unfor- 
tunately non-existent—“ Engineering.” 


CORROSION OF CONDENSER! TUBES.* 


By Guy D. Bencoucu, M.A., D.Sc. (Lecturer in roi in the Uni- 
versity of Liverpool), and RicHarp M. Jonegs, M.Sc. 


INTRODUCTION. 


In a former report to the Corrosion Committee of this Institute one of 
the authors has drawn attention to the apparently erratic occurrence of 
corrosion in condensers, and the matter has been emphasized by numerous 
speakers both before and after the publication of that report. A number 
of explanations have been advanced to account for the phenomenon, but 
few of them are based upon rigid experimental tests. The recognized 
method of collecting information on corrosion hithertorhas been to obtain 





* Second report to the Corrosion Committee of the Institute of Metals.—Read before the 
Institute of Metals at Ghent, on August 28. 
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TABLE I.—CULLECTED INFORMATION FROM INQUIRY SCHEDULES. 
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it from engineers in charge of condensers engaged in practical work, and 
the general view of the importance of this method has been voiced by 
Arnold. Philip,* who says: 

“It is the engineers who are actually responsible for the efficiency of 
condensers, who ate able to provide the necessary information upon which 
an opinion can be formed as to the causes of observed cases of corrosion, 





* Journal of the Institute of Metals, No. 1, 1912, vol. vii, page 51, and “ Engineer- 
99. 


ing,” vol. xciii, page 

















NOTES. 709 


and in order to secure that such information is not overlooked at the 
time, it is very desirable that a suitable schedule of queries be filled in.” 

In accordance with this view a list of questions relating to condenser- 
tube corrosion was drawn up and circulated to members of the Institute, 
superintendent engineers, and others who have the care of condensers 
under their charge. The list, in the form in which it was finally sent out, 
was drawn up at a meeting of the Corrosion Committee held during the 
Newcastle meeting of the Institute. Accompanying the schedule a request 
was circulated for specimens of condenser tubes that had given good, 
bad and average service under ordinary conditions of work. A consider- 
able number of forms were returned to the Institute, but comparatively 
few were completely filled up. Of these, twenty have been selected, and 
the more important information contained in them has been tabulated in 
Table I. All the tubes referred to were of 70:30 brass or 70: 29:1 alloy. 
The chief points of interest to be deduced from this table are: 

1. The extraordinary variation in the normal life of a tube, viz.: from 
four to twenty-five years. Supplementary inquiries conducted by the 
authors have proved conclusively that tubes from the same batch, made 
by one manufacturer, when placed in different parts of a condenser, might 
resist corrosion for times which vary up to the proportion of 1 to 3. 

2. The peculiar nature of the deterioration that resulted in the failure 
of the tube. In nearly every case the deterioration was due to dezincifica- 
tion, resulting in a rotten and pitted tube. In two or three cases tubes 
failed owing to local thinning, due, apparently, to the wearing away of the 
whole body of the tube near the water-inlet end. This phenomenon was 
comparatively rare. 

3. The impossibility of correlating the failure of the tubes with the 
presence or nature of the electric-lighting installation. 

4. The difficulty of connecting corrosion with any definite locality in 
the tube or condenser, though it would appear as if thinning were con- 
nected with the ends of the tubes at which the cooling water entered. 

5. The shorter life of tubes in land installations, where dock. canal 
or brackish water is used instead of sea water. Nevertheless, the Cor- 
rosion Committee, for good reasons, desired investigations in the first 
instance to be carried out with natural sea water, and this has been used 
in all experiments described in the present paper, except where the con- 
trary is stated. 

A detailed examination of the scale attached to tubes, both good and 
bad, was made. In normal cases the scale could be regarded as made up 
of a number of layers of different composition. The top layer consisted 
principally of ferric oxide, carbonates and chlorides of calcium and mag- 
nesium, calcium sulphate, and sand; the next layer consisted of basic 

‘ chlorides and carbonates of copper and zinc, and was greenish in color. 
The layer next the tube was brown or black, and consisted largely of 
cuprous and cupric oxide. There was, of course, no sharp line of demar- 
cation between the various layers. which faded gradually into one an- 
other; sometimes the greenish-blue layer was almost absent, especially 
when dezincification had been severe. 

In most cases the scale, particularly the lowest layer, was very strongly 
adherent to the tube. Owing to the stratification, and the impossibility 
of removing the scale from the tube without introducing foreign matter, 
reliable quantitative analyses could not be made; nor, probably, would 
they have been of much value, since the proportions of sand, ferric oxide, 
calcium carbonate (in the form of shell), &c., were obviously due to 
chance. These substances are always present in large and varying quan- 
tities, and effectually prevent any useful deductions being drawn from 
quantitative analyses of the scale. In all cases in which a tube had suf- 

fered dezincification, the greenish-blue layer was replaced, to a greater or 

less extent, by a white flocculent salt,’ which was found to be a basic 
chloride of zinc. In one or two cases tubes were received ' partially 
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choked with a loosely-adherent deposit, light gray in color. This was 
found to be principally sand, but contained also ferric oxide, magnesium 
salts and calcium salts. Such tubes sometimes appeared to be more se- 
i corroded than others taken from the same condenser, but not 
always. 

One particularly interesting case came to hand. This was a 70:30 
condenser tube taken from a Yarmouth trawler. It had been in use 
twenty years, and was apparently as. good as new. There was no sign 
whatever of dezincification or thinning. It was covered with a very 
hard uniform scale, with a looser finely-reticulated surface layer. There 
was no well-marked blue-green layer, and this appeared to indicate that 
very little copper could have been removed from the tube, which, in fact, 
was practically as thick as when new. i 

The average total thickness of the scale was 0.31 mm., that of the hard 
lower layer being 0.13 mm. Analysis showed the latter to consist of 
oxides of copper and iron and calcium carbonate; no zinc was present. 
Neither was there any zinc in the looser layer. which consisted of con- 
siderable quantities of calcium carbonate and sulphate, together with silica 
and oxides of copper and iron. The true thickness of the metallic por- 
tion of the tube was 1.29 mm., so that, unless the tube had been originally 
of an unusual thickness, which is improbable, it had not lost more than 
0.05 mm. in twenty years. 

Careful search was made among the deposits in badly corroded tubes 
for carbon particles. Although about a hundred cases were examined, no 
such particles were ever found, and in no single instance could a dezinci- 
fied spot or area be correlated definitely with such a particle. This, of 
course, does not prove that carbon in the-form of graphite or coal had 
not started the dezincification of the tube, since it might subsequently 
a a removed when the tube was cleared by means of an iron rod 
or brush. 

As a result of the study of the answers to the question schedules and 
of the tubes corroded under conditions of practical work, the authors 
came to the conclusions that few deductions of importance could be made, 
and that this method of work is only of value for indicating in a general 
way the nature of the problem to be attacked. 

The chemical and physical conditions obtaining in condensers engaged 
in practical work are of a complex nature, and may vary considerably 
from point to point, not only of the condenser as a whole, but even along 
each tube. Moreover, it is not usually possible to ascertain what are the 
exact conditions as regards such matters as temperature, speed of water, 
presence of air, &c., in any particular plant. The possible variations in 
the conditions from part to part of the same condenser, which might be 
supposed to cause corresponding variations in the speed of corrosion, 
may be summarized as follows :— 

1. Variation of the Water Speed in Different Tubes—This may operate: 

A. Directly as an independent effect. 
B. Indirectly as affecting 2. 
C. Indirectly as affecting 4. : 
2. Variation in the Temperature of the Different Tubes—This may 
operate: 
A. Directly, owing to increased chemical activity. 
B. Indirectly, by removing gases from solution (see 6). 
Notrt.—Choked tubes may become highly heated. 

3. Variation in the Distance of Different Tubes from Electro-Chemical 
Protector Blocks, Bars, and Main Condenser Bodies. 

4. Variation in the Distribution of Solid Substances which Settle on 
the Tubes. 


5. Variation in the Distribution and Amount of Water left in the Tubes. 
when the Condenser is out of Action. 


6. Variation in the Oxygen Contained in Solution in the Water during 
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its passage through the Condenser—The concentration will be highest 
where the water enters, and lowest where it leaves the condenser. 

7. Variation in the Quality of the Water Circulating through the Tubes. 

Looking down this list, it becomes obvious that engineers in charge of 
condensers are not in a position to supply detailed information as to the 
exact nature of those conditions which may be expected to influence the 
course of corrosion. Take, for instance, the distribution of temperature. 
The highest temperature will not necessarily occur at the middle of the 
top nest of tubes, where the steam usually enters the condenser. It will 
be influenced by the position and dimensions of baffle plates and by the 
speed of the water through the tubes. The speed of the water will not 
necessarily be the same through all the tubes, owing partly to the swirl- 
ing action in the water ends, and partly to possible partial choking of 
certain tubes. In any given condenser the distribution of temperature 
could only be ascertained by direct experirr *nt; and this is not possible 
without the employment of special apparatus. Moreover, there is an al- 
most entire lack of published experimental work giving quantitative meas- 
urements of the effect of these variations on the speed and nature of brass 
corrosion, Many opinions have been expressed in discussions on the sub- 
ject, but for the most part they have not been backed by experimental 
work. Arnold Philip* has on more than one occasion emphasized his 
view that electro-negative particles of carbon, &c., are of special impor- 
tance in promoting corrosion, but does not appear to have brought forward 
any detailed experimental work to support it—perhaps because it seems 
to be such an eminently reasonable view. Bruhl} also neglected this point, 
and entirely failed to throw any light on the phenomenon of dezincifica- 
tion, which is the factor of principal importance in practical work. More- 
over, with the exception of two experiments carried out at 40 degrees C., 
he confined all his work to experiments at the ordinary temperature. 

Milton and Larket carried out a considerable number of experiments 
to elucidate dezincification, but for the most part their work was confined 
to the electro-chemical aspect of the subject. Sinclair§ also worked mainly 
along , electro-chemical lines; but carried out a number of interesting 
experiments at temperatures higher than atmospheric. Tilden,|| as long 
ago as 1886, observed the combined effect of ferric oxide and other sub- 
stances at a temperature of 40 degrees C. maintained for seven hours 
a day for eleven months, and probably succeeded in dezincifying his 
brass. He actually recorded his observations as “deposition of copper,” 
but in view of the knowledge that has been accumulated in more recent 
years, it seems to the authors probable that he was really observing the 
phenomenon of dezincification. If this be so, he was probably the first 
experimenter to observe it in a laboratory experiment. 


Section I. 
LABORATORY INVESTIGATION. 


Owing to the fragmentary nature of the available experimental evidence, 
it was deemed advisable to arrange a somewhat extensive laboratory 
scheme for examining a few of the factors which seemed likely to bear 
upon the nature and speed of corrosion. In the first place it must be 
remembered that corrosion phenomena may be divided into two classes: 

1, The gradual wearing down of the tube—ie., general corrosion in 
which copper and zinc are removed approximately in the progress in 


which they occur in the alloy. This action will be called “complete 


corrosion. 


he Jouenal of the Institute of Metals, No. 1, 1911, vol. v, page 99. 

+ Ibid., 1911, vol. vi, page 289. “ Engineering,” vol. xcii, pages 486 and 472. 
¢ Journal of the Institution of Civil Engineers, 1903, vol. clive 
eee page 184 


ournal of the ‘Society of Chemical Industries, vol. v, page 84. 
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2. Dezincification, followed by pitting, in which the zinc is removed pref- 
erentially, leaving a pit or area of copper-rich material. Such areas be- 
come quite weak and rotten, and in many cases the copper may easily be 
pushed out of the tube in the form of a plug, leaving a hole. These 
rotten tubes are no longer watertight. 

The action which results in dezincification will be called “selective 
corrosion.” Practically all tubes suffer from the first form of corrosion, 
although it may be so retarded that the rate becomes practically zero. 
An instance of this has been cited already. 

“Complete corrosion” is sometimes more pronounced at. the ends of 
the tubes, and may even give rise to perforation; but this is a compara- 
tively rare phenomenon. Usually this type of corrosion is comparatively 
slow, and the vast majority of tubes fail owing to pitting induced by 
‘dezincification, before their strength has been seriously diminished by 
general attack. 

It is, therefore, the problem of dezincification that has received the 
principal attention of the authors, and the problem of perforation by 
“complete corrosion” has not been specially investigated. 

The view has sometimes been expressed that pitting by dezincification 
is merely ordinary corrosive action intensely accelerated locally, either 
by the action of electro-negative particles or in some other way. This 
view presupposes that the normal action of sea water on brass is a slow 
process of dezincification. The only experimental evidence on the point 
appears to be that of Sexton,* who states definitely that when 70:30 brass 
is attacked by sea water, dezincification always occurs. However, this 
author gives only the very meagre experimental details expected in maga- 
zine articles, and in his book on corrosion they are repeated without addi- 
tion. It seems, therefore, highly desirable to confirm or exclude his 
conclusions, and this matter served as a starting point for the laboratory 
research. 

EXPERIMENTS AT ATMOSPHERIC TEMPERATURE, 
Series I 


The alloys selected for examination were four in number, and were 
pieces of tube of the same batches as were used in the large-scale ex- 
perimental plant, which will be described later. Analyses are given later. 
The tubes were sawn in half and cut into 2-inch lengths, which corre- 
sponds to a surface area of 4.2 square inches. The Admiralty tube was 
of smaller diameter, and hence surface area of 2-inch length was less, 
= 3.4 square inches. Their edges were filed smooth, and a hole % inch 
in diameter was drilled near one end; they were cleaned and polished, 
and’ suspended in beakers by means of glass hooks, as shown in Fig. 1, 
the top of the upper tube being about ™% inch and the lower tube about 
3 inches below the surface of the water. Each beaker contained 1% liters 
of ania sea water, the surface area of the water being 12%4 square 
inches. 

In cleaning the tubes they ‘were roughly polished on the outside with 
fine emery paper to remove grease, oxide, &c.; the inside surfaces were 
polished to.a rather higher degree by means of circular polishers rotated 
in a lathe. The purpose of this is explained later. Every endeavor was 
.made to bring all the surfaces to the same degree of polish, so that all 
the results obtained might be strictly comparable. 

_ The experiments with these tubes served as a basis for the examina- 
tion of the effect of altering the various conditions. In these experiments 
the speed of the water was zero. he temperature was the ordinary 


temperature of the laboratory, averaging 18 degrees to 20 degrees. C. 
No protecting metals or electro-negative particles were present. Normal 
sea water, taken at high tide outside the ‘port of Liverpool, was used. 


* “ Engineering Magazine,” vol. xxx, 1906, and “ The Corrosion and Protection of 
Metals” (Scientific Publishing Company), page 116. 
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The oxygen content was simply that which could diffuse down to the 
tubes from the surface of the water, free access of the air to the beak- 
ers being allowed—they were only loosely covered with large sheets of 
coarse filter paper to keep out dust, &c. The concentration of the sea 
water. was kept consfant by adding distilled water from time to time to 








make good the loss by evaporation. 


TABLE II.—SEA-WATER CORROSION RESULTS. 


First SERIES. 


























UPPER TUBES. 
Cc iti f I | 2 3 4 
composition o a 4 s 
tube. Interval. 70:30 |70: 28:2) 61:39 |70: 29:1 
Initial weight in grammes — 14.7576 | 14.4914 | 14.9114 | 10.8808 
Weight after corrosion 
fOPcccsadividsccnae. © kesibigns 15 days | 14.7450 | 14.4769 | 14.9034 | 10.8666 
Loss in grammes __..... —_ 0.0126 | 0.0145 | 0.0080 | 0.0142 
Percentage loss...........4..- _ 0.08 0.10 0.05 0.13, 
Weight after.................- 22 days | 14.7380 | 14.4724 | 14.9018 | 10.8624 
Percentage loss...........4+ _ 0.13 0.13 0.06 0.17 
Weight after.................. 28 days | 14.7330 | 14.4674 | 14.9020 | 10.8585 
Percentage loss....... ....... Sea water | 0.17 0.17 0.06 0.20 
renewed. 
Weight after.............000 84 days | 14.7100 | 14.4372 | 14.8870 | 10,8204 
Percentage loss............... Sea water | 0.32 0.37 0.16 0.55 
renewed. 
Weight after........ ontiebase 168 days |.14.6910 | 14.4126 | 14.8720 | 10.7842 
Percentage loss............... Sea water | 0.45 0.54 0.26 0.89 
renewed. 
Weight after.................. 208 days | 14.6840 | 14.4030 | 14.8645 | 10.7680 
Percentage loss........ ...... _ 0.50 0.61 0,31 1.04 























Note.—Owing to the slowness of the attack on the metal and the slowness of the 
consequent diminution in concentration of the sea water, long intervals were allowed 


to elapse before renewal. 


TABLE III.—SEA—WATER CORROSION RESULTS. 


LOWER TUBES. 


Frrst SERIES. 














Compostition of t. | 2. Ke 4. 
lobe: Tatetenk 70:30 |70: 28: 2} 61: 39 |70: 29:1 
Initial weight in grammes _ 14.4352 | 15.6184 | 15.1424 11.6314 
Weight after corrosion 
Fc hi opin aden kate 15 days. | 14.4235 | 15.6050 | 15.1335 | 11.6174 
Loss in grammes............ — 0.0117, | 0.0134 | 0.00894 0.0140 
Percentage loss.............+. _ 0.08 0.09 0.06 0.12 
Weight after.................. 22 days | 14.4192 | 15.6000 | 15.1330 | 11.6130 
Percentage loss............++- — O1% | 0,12 0.06 0.16. - 
Weight after.................. 28 days | 14.4148 | 15.5932 | 15.1330 | 11.6092 
Percentage loss... ....0+...0+ Sea water | 0.14 | 0,16 0.06 0.19 
renewed. : 
Weight after............ 00. 84 days | 14.3966 15.5636 | 15.1202 | 11.5734 
Percentage loss............++. Sea water | 0.27 0.36 0.15 0.50 
renewed, : 
Weight after............c00+ 168 days | 14.3772 | 15.5404 | 15.1066 | 11.5318 
Percentage loss..............., Sea water | 0.40 0.50 0.24 0.86 
renewed. 
Weight after................ «| 208 days | 14.3705 | 15.5130 | I5.IOIO | 11.5130 
Percentage loss... ............ — 0.45 0.55 0.27 1.02 
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The tubes were accurately weighed before examination, and at the end 
of 15 days were removed, well cleaned by means of a rubber-tipped glass 
rod, and all loose deposit removed. They were then carefully dried and 
weighed. They were re-immersed, and further weighings made from 
time to time. The results are recorded in Tables II and III, and in 
graphical form in Figs. 2 and 3. The sea water was renewed periodically, 
as indicated in the tables. 

In conducting such experiments as these it has been found necessary 
to take into account the following factors: : 

A. The volume, concentration and temperature of the corroding medium. 

B. The mode and depth of immersion. 

C. The rate of diffusion, whether natural or stimulated artificially by 
stirring, &c. 

. D. If diffusion be natural, the superficial area of the sea water surface 
becomes a factor. 

E. Area of exposed surface of corroded metal. 

F. The condition of the surface of the corroded metal. 

All these factors have been taken into account in the experiments de- 
scribed, and have been kept similar for all tests in each series of experi- 
ments. The omission to state their experimental conditions in their 
published accounts is no doubt responsible for the conflicting results ob- 
tained by previous workers. 

General Features of the Phenomena Observed.—It soon became clear 
that the first stage in the corrosion of brass is the oxidation of one or 
both of the constituent metals. Cohen and others have shown that, in 
the absence of oxygen, no corrosion will take place, and the authors have 
confirmed this fact. The earliest visible sign of corrosion is the forma- 
tion of a layer of brown oxide on the surface of the specimen. Whether 
or not the oxidation is direct is not a question of importance for the 
purposes of this paper. 

On either view the net result is the same—namely, that the alloy be- 
comes gradually covered with a layer of oxide. This layer is very tena- 
cious, and is not removed by ordinary rubbing with a rubber-tipped glass 
rod. In the case of 70:30 brass, it is of a reddish-brown color, darkening 
to a brownish-black as time goes on. The thickness of this layer of oxide 
is a matter of some importance, as it affects to a certain extent the ac- 
curacy of the loss-of-weight method of estimating corrosion. Careful 
micrometer measurements have shown that it varies from 0.01 mm. in 
thickness after a few months’ immersion to about 0.04 mm. after nine 
months. The losses of weight given in all the tables in this paper refer 
to measurements made with this layer of oxide lefi adhering to the tubes 
in an unbroken state, except where the contrary is stated. 

An objection may be raised that this layer of oxide should have been re- 
moved by reduction in hydrogen before the final weighing. In some at- 
tempted measurements of the thickness of the oxide layer this procedure 
was carried out, but the results were not satisfactory. The reasons for 
this were:—(1) that zinc oxide is not reduced at moderate temperatures; 
and (2) that some zinc was volatilized in the stream of hydrogen gas. 
As a result, the light powder found on the tube at the end of the experi- 
ment was not pure copper and zinc oxide, but finely divided brass, and the 
loss of weight when this was removed was too great. 

After trying a number of alternative methods, such as measuring the 
reduction of tube thickness and the diminution of the chlorine content 
of the sea water, the conclusion was reached that the most accurate and 
satisfactory comparative results would be obtained by weighing all the 
specimens after corrosion with the oxide layer left unbroken. It was 
noticed that the formation of oxide did not take place uniformly over 
the whole surface of the tube. It started at certain areas, irregular in 
distribution and shape, which could not be correlated with the individual 
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crystals of the metal. The layer gradually spread until it covered the 
whole of the surface of the tubes. - : 

It may be of interest to mention here that Lambert,* working with a 
sample of metallic iron which was probably the purest and most homo- 
geneous metallic substance of any kind that has ever been prepared, 
showed that even in this case oxidation began at certain spots and then 
spread outwards. The same result may be observed if a piece of brass 
tube be heated in a hot-air oven till the surface begins to oxidize. It is 
evident, therefore, that the very minutest differences, chemical or physical, 
in a metal, will determine the points at which oxidation begins, but, ac- 
cording to the experiments of the authors, it does not necessarily follow 
that subsequent corrosive activity will be most pronounced at these same 
points. 

The tubes become tarnished when they have been immersed in water 
for only a few hours, and a slight bluish opalescence becomes observable 
in the water. In the course of two or three days a deposit settles to the 
bottom of the beakers in the form of a fine greenish-blue powder. In 
the case of Muntz metal the deposit is paler in color, and the surface of 
the metal exhibits a sallow yellowish tint instead of the reddish-brown 
color exhibited by the other tubes. The tubes undergo no further change 
in appearance, but the gradual increase in the amount of deposit shows 
that the oxide layer is being continually removed and reformed. It ap- 
pears to be removed by a reaction with the sodium chloride of the sea 
water, whereby insoluble basic chlorides of copper and zinc are formed. 

In certain experiments the greenish-blue deposit was collected and 
analyzed, and was found to contain the whole of the copper that had been 
removed from the brass and a large part of the zinc. The remainder 
of the zinc was present in solution as zinc chloride. The copper and zinc 
are attacked in- approximately the proportions in which they occur in 
the alloy. The fact that copper is entirely absent from the liquid suggests 
that the cuprous oxide first formed reacts with the chlorides present in 
the sea water, forming cuprous chloride or oxychloride. These, being 
highly insoluble in sea water, are instantly precipitated, thus accounting 
for the fine bluish opalescence produced so soon after corrosion has 
started. On the other hand, only part of the zinc forms an insoluble 
basic chloride, and part remains in solution as normal zinc chloride. As 
corrosion proceeds, the sea water becomes slightly alkaline, due to the 
removal of carbon dioxide, which appears to be carried down in the form 
of basic carbonate. On these views the greenish-blue deposit will be a 
mixture of basic carbonates and chlorides of copper and zinc, its exact 
composition varying according to prevailing conditions. As a check on 
the validity of these views, it was thought desirable to ascertain whether 
any reaction would take place between sea water and the oxides of copper 
and zinc prepared by ordinary chemical means. Accordingly, pure cuprous 
oxide was prepared by the addition of glucose to pure copper sulphate in 
the presence of tartaric acid. The resulting fine bright-red oxide was 
placed in a porcelain dish in contact with sea water. No signs of reac- 
tion were noticeable for about three weeks, after which time the greenish- 
blue salt began to make its appearance. Some of the oxide was then 
placed in a beaker of sea water suspended in a thermostat at 40 degrees 
€. After two or three days the blue salt, which characterizes the ordinary 
process of general corrosion, made its appearance. 

In view of these results and of the fact that the blue salt is readily 
formed in all ordinary cases of corrosion at the ordinary temperature, 
a fresh batch of cuprous oxide was made with a view to ascertaining 
whether the details of preparation had any effect on the speed of reac- 
tion. In this case the oxide was made from pure copper sulphate and 
glucose without the addition of tartaric acid. The resulting oxide was 


* Journal of the Chemical Society, October, 1912, page 206. 
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lighter in color and had a yellowish tinge. In this state the oxide readily 
reacted with the sea water at the ordinary temperature, with the forma- 
tion of the greenish-blue basic salt in the course of a few days. ‘ 

It was thought desirable to ascertain the composition of the deposit, 
and for this purpose a suitable quantity was prepared by leaving several 
feet of 70:30 tube in contact with 4 liters of sea water for several months. 
The salt does not adhere at all tightly to the tubes, and was washed off, 
dried, weighed and analyzed. The result was as follows: 


Per Cent. 
CONDED saree eee OT LT UROL Eee Deis DER PELE Ree ee ceuas & 40.42 
DAN eee) ae RE A EE Gat 13.02 
CHO ETE eK OER DE EDS I 2.95 
Rene MNCT AIRCANIIN oC Gy alavcmalae eck a siathie'b Ae ee, oa eae arate 4.20 


Balance: oxygen, magnesium, and calcium salts and insoluble matter. 
It is evident that the salt is a double basic chloride and carbonate of 
copper and zinc. It is noticeable that it contains less zinc proportionally 
to the copper than the original tubes. This is due to the fact that in 
this and all other experiments on corrosion described in this paper, a part 
at least of the zinc remains in solution as zinc chloride. The nature of 
corrosive action in stagnant sea water at the ordinary temperature, and, 
as will be shown subsequently, at somewhat higher temperatures, may 
now be summarized as follows: 

1. The oxygen in solution* reacts with the copper and zinc of the alloy, 
forming cuprous oxide and zinc oxide. These substances form first 
at certain areas. and form a brown or reddish layer which darkens in time 
(probably owing to the formation of cupric oxide), and which finally 
completely covers the tube. 

2. The oxide layer reacts with the sodium chloride and carbon dioxide 
of the sea water, the metals thus passing into solution, but instantaneously 
the whole of the copper and a large part of the zinc are precipitated in 
the form of a greenish-blue basic salt which is insoluble in sea water, 
and is usually deposited in a flocculent or non-adhesive state on the tube. 
The remainder of the zinc remains in solution as chloride. 

3. The reaction between the oxide and the sea water probably proceeds 
at abuut the same rate as the formation of the oxide, since the oxide 
layer is always found beneath the greenish-blue salt, but yet only increases 
very slowly in thickness. Owing to this reaction, the sea water gradually 
becomes alkaline because of the removal of carbon dioxide. 

4. If the tube be allowed to dry, or if the green salt be allowed to 
remain on the tube for several months, the salt will stick tightly to the 
tube, but in the latter case only in small isolated patches. 

5. The sticking of the salt interferes with the accuracy of loss-of-weight 
experiments if carried out for very long periods. If violent measures 
are oe to remove the green salt, the oxide layer beneath is also removed 
in patches. 

6. The experiments described above have been carried out for a period 
of eight months, and no signs of selective corrosion or local action have 
been observed. The tubes present a perfectly uniform oxidized appear- 
ance indicating progress of complete corrosion only. 

In view of the widely-held opinion that “ spills’ and “flaws” on the 
interior surfaces of condenser tubes form corrosion centers and start 
pitting, the inside surfaces of the tubes used in Series I experiments 
were highly polished, as described previously. The original intention 
was to examine the polished surfaces under the microscope from time to 
time as corrosion proceeded, and to try and observe in this way whether 
corrosion was being accelerated in the neighborhood of any flaws. Micro- 


*It is only the oxygen in solution that reacts with the brass, not oxygen in the free 
gaseous condition. 
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scopic observation of the metal is effectually prevented by the interposition 
of the oxide film. Still no evidence was found by this or any other means 
to show that flaws had any influence on sea-water corrosion at the ordi- 
nary temperature. In view of the fact that sea water always contains a 
considerable quantity of dissolved CO: gas, it was. thought desirable to 
ascertain the effect of this substance apart from the presence of salt. Ac- 
cordingly the following experiment was made: 

A 3-inch length of 70: 30 tube was suspended in 1% liters distilled water, 
which was maintained saturated with CO. by bubbling a slow stream of 
the gas through the liquid. The tube was weighed before and after the 
experiment, which lasted sixty-four days. 


Grammes. 
Weight before experiment ............... cece eee eee 21.0372 
Weight after sixty-four days ....... SEL VTE ceeeeeeees 20,9450 
Loss: of weighs .cbiicc. ck Seniesa tlle s Olas RSE S 0.0922 
Percentage loss ...... (Be hie Es RHGMEREL Gis rie t) ORD 


At the conclusion of the experiment the tube presented a dull purplish 
color, but none of the usual blue-green salt could be seen. The liquid 
remained clear, but on filtering a trace of green deposit was found. Yet 
the above result shows that quite a considerable amount of metal .was 
removed; indeed, more than in the case of a similar tube immersed in 
sea water for the same length of time. Obviously the metal removed 
must have remained in solution. This was borne out by the observation 
that on heating the clear liquid to boiling a flocculent white precipitate 
of basic zinc carbonate was formed. The important point of this experi- 
ment is that the loss of metal is almost entirely concentrated on the zinc. 
It should be mentioned, however, that this form of dezincification takes 
place uniformly over the whole of the brass, and in this respect is to be 
distinguished from the type of dezincification referred to later in this paper 
as “selective corrosion.” Nevertheless, the experiment indicated that 
pear highly charged with carbon-dioxide gas must have a serious effect 
on brass. 


Discussion OF RESULTS OF EXPERIMENTS IN SeEriEs I. 


Comparison between the results obtained for the upper and lower tubes 
in the same beakers reveals the fact that in all cases the upper tubes 
have suffered greater loss in weight. This is only to be expected, since 
oxygen is an important factor in corrosion phenomena, and is constantly 
being removed by reaction with the metals of the tube. It can only be 


VERTICAL IMMERSION TESTS. 


Hypt. UPPER TUBES. 





TESTS. 
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replaced by diffusion from the surface of the liquid, and the new supplies 
will necessarily reach the upper tubes first. Otherwise the results ob- 
ened for the upper and lower tests are in good agreement with one 
another. 

Figs. 2 and 3 show clearly that the Muntz-metal tubes have lost least 
in weight. Of the others, the 7:29:1 alloy shows the lowest resistance 
to complete corrosion, whereas the 70:30 and 70:28:2 alloys behave 
nearly alike, and are rather more resistant. In all cases the rate of corro- 
sion decreases gradually with elapse of time. 

These results are surprising. In the first place, it would be expected 
that the Muntz-metal tube would suffer the greatest loss in weight, since 
it is a two-phase system, and would therefore appear to be peculiarly 
liable to electrolytic action. The 7:29:1 metal and the 7:30 brass are 
homogeneous single-phase systems, and would be expected to show less 
loss of weight. The 70:28:2 tubes contained a small amount of free 
lead interspersed between the crystals in a fairly regular manner, and 
from the electro-chemical point of view might be expected to show a loss 
of weight intermediate between the Muntz metal and the 70: 30 brass. 

It is evident that the order of corrodibility of these tubes differs widely 
from that which would be predicted from the electro-chemical point of 
view, and the authors conclude that electro-chemical action between the 
various phases is not an important factor in determining the amount of 
complete corrosion under the conditions employed in these experiments. 
The reason for this appears to be that the adherent oxide film, which 
covers the whole surface of the tubes soon after they have been exposed 
to the sea water, interposes a considerable resistance into any electrolytic 
circuit which may at first be formed between the different phases. Conse- 
quently the effect of the juxtaposition of two or more phases is com- 
pletely masked by other factors which influence the speed of corrosion. 


SEconp SERIES oF EXPERIMENTS. 


In view of the unexpected results obtained in the first series of experi- 
ments, it was decided to repeat them with slight modifications. The dif- 
ferences consisted in the use of 3-inch* lengths of tube suspended in the 
beakers horizontally instead of vertically, so that a deposit might rest on 
the tube instead of falling to the bottom of the beaker, and secondly, in 
suspending the tubes by means of white string from glass rods laid on 
the top of the beakers, as shown in Fig. 4. The second modification was 
merely for the sake of convenience, but the first was carried out to test 
the eect of the presence of the blue salt on the speed of corrosion. In 
the first series of experiments this salt fell to the bottom of the beaker, 
in the second it remained in situ on the tubes. Two tubes of the same 
kind were immersed in each beaker at the same depth (approximately 1 
inch below surface of water), otherwise the experiments were carried 
out in an exactly similar manner to Series I. The results of this series 
oF experiments are given in Table IV, and the results are plotted in 

ig. 5. 

It will be seen that while the differences in the speeds of corrosion be- 
tween the various tubes are not so marked as in the first series of ex- 
periments, yet the rates of corrosion are in the same relative order. Muntz 
metal again showing the least loss of weight and the 70:29:1 alloy the 
most. 

The losses of weight recorded in this series of experiments are greater 
than in the first series. The differences are not great, and may be ac- 
counted for by the fact that the whole length of the tube was nearer the 
surface of the water than the average distance in the case of the vertical 





* The surface area of a 8-inch length of tube is 6.4 square inches = 40 sq. cm. 
For the 70 : 29 : 1 tube = 4,9 square inches, or 80.5 sq. cm. In all other experi- 
ments described 38-inch lengths were used. 
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TABLE IV.—Sza-Watza Connosion Expsaiments. Sscowp Sxars. 





























> 
L 2 x ‘4 
70:30 70:28:32 @:31 70:%9:1 
sa aloterval, s 
(loctacatad, | (verti | & | B | & | B | aw foe 
Initial weight in grammes =- 22.3062 22.8080 | 23.6706 | 23.6400 ‘22.7008 | 15.9880 | 16.1498 
Weight after corrosion for 30days 22.8198 22.7626 | 28.6242 | 23.4066 | 22.5760 | 2.6812 | 15 9000 1087 
Loss in grammes os 5 =. 0.0640 0.0655 00063 | 0.0446} 0.0100} 0.0196; 0.0980; 0.0841 
Percentage loss .. .| Sea-water renewed 0.24 0.20 0.20 0.19 0.08 QOR | O28 0.21 
Weight after = . days 22.2010 22.7444 =| 28.5065 | 23.4662 | 22.6660 | 22.6688 | 15.8776 | 16 0x78 
Peroentame loss .| Sea. water renewed 0.34 0.28 32 | O31 | O17 | O17 | O38 4 
Weight after ve 90 days 22.2700 22.7225 | 23.8606 | 25.4418 | 22.5850 | 22.6428") 16.8566 | 16.0675 
Percentage loss .| Sea-water renewed 0.48 O28 0.48 0.42 0.26 O25 050 047 
Weight after 120 dass 2?.2270 22.6800 | 23.5385 | 23.4100 | 22.61}0 | 22.6200 | 15.8250 | 16 0460 
Percentage loss - 0.62 0.56 O06 | O56 | O87 | O86 | O63 | O61 





* The tube- be t 
tu ee pes! 


_ TABLE V.—Concenraatep Sza-Warer Corrosion Expsnnients. 


immersed in same beaker in different ways—A horizontally and 
this is reflected in the resulta, 





























No. 1 in 4 Litres | No. 1 in 1} litres No. Lin 1} litres No, 1 in 14 Litres 
Sea- Sea-Water of Sea-Waver of Sea- Water of 
—_ Taterval. Wacer. 15 " i 
A. B 1 4. K, L M, v. 
(nitial weight in grammes - 5500 7810 | 22.9680 -}* 20.0860 | 21.8293 | 21.7564 
Weight after corrosion for 30 days 20,6158 | 20.1406; 22.7312 | 22.9222 7840 | 20.9065 | 21.3280 | 21.7151 
Loss in grammes . _— 0.0432 0.0498 0.0458 0.0 96 0.0606 0.0614 0.0703 
Percentage loss. Sea-water renewed 0.21 0.22 0.22 0,20 0.29 C3 -| O29 0.32 
Weight after 60 days 29,4964 | 20.1218 | 22.7054 20.7418 | 90.9245 | 21.2706 | 21.4678 
loss Sea-water renewed | 0.31 0.31 0.33 0.30 0.49 0.58 0.52 0.58 
Weight 5 90 days 20.4576 | 20,0858 | 22.6840 | 22.8760 | 20.7068 21.2286 | 21.6088 
Percentage lose Sea-water renewed | 0.49 0.49 0.43 0.40 0.66 0.70 075 & 
Weight after 120 days 20.4125 | 20.0610} 22.6566 | 22.8385 |. 20.6670 | 20.8510 | 21.1730 | 21.5680 
Percentage loss _ 071 0.67 0.55 0.56 0.85 0.88 1.01 08 

















TABLE VII.—Inrivence or Particies anp Deposits on Sza-WarTeR Corrosion. 


















































we Weight Percent- 
Details of Treatment. Tnterval | Boise | Aneh* | Lose. | Percent 
pe GE ws : grammes, enna grammes 
( rss B0days| o1as7e ! cisco | o1te2 | 0.54 |Obeck. 
Tube similar to above in 1} litres of sea-water with j ! 
and coke tied on tointerior surface | 30 ,, 22,1156 | 22.0600 | 0.0656 0.25. _ |Graphite and coke. 
3. Tube ilarly with pieces of clinker and iron 
- ve ae | 90, | 20,9685 | 20.8752 | 0.0788 | 0.87 Clinker and pyrites, 
4 Uae iad oourtaas } Beh immiarned in |) 45 18.5488 ; 18.6008 | 0.0885 | 0.21 |Check. 
5. cute with sand iad on eurtace J 1} lires ona-water » |\resees | 1a.4s52 | 0.0296 | 0.16 |Sand. 
Oheck tube... -- | Both immersed in 90.2756 | 20.2500 | “0.0166 | 068 |Check. 
Tube in _. glitresecseacer (¢ ©  |{anasvo | soeeer | ober | ait Fes Os (fresh). 
4 Oheck tube... ..__.. f Both placed hori. |) | 1g.c07a | 18.2814 | 0.0066 | O14 |Check. 
Similar tube and ignited Fe,0,] Sater ms 5 118.4648 | 18.4300 | 0.0848 0.19 | Fes Os (ignited). 
el el ed 
fons - 
water at ordinary temperature) 14 litres sea-warer 
&. Tube with sea-water deposit 
baked tor’ hours ct bo dem. wo.eose | 19.4066 | 0.1087 | 055 | Bakeddeposit s5deq 
. }. 
Tube, with see-water deposit 1 itees eva-water |}45 ,, {ites 19.F44y | 0.1168 | 0.50 | Ditto, 100 deg. 
baked 9 hours at 100 deg. 
: “TABLE VIII.—Tesets at 40 Duc. Cuwt. i 
L 2 r % re 
whos laterval. 70:30 70:28:2 61 : 0 70:20:L 
A B a | B A R a B. 
nitial weight in grammes = 19.0871 | mn72e7 | 223552 | e264ss | 21.0800 sist | 12701 
Weight after. Tdaye | 19.0010 | 20.7060 | $2390 | s2.6166 | sL.0R77 | 21.8708 | 19.1686 
Loss in weight .. = aon: | o.o27 | coms | oo | coos | 0.0052 | 0.0188 | aolm 
c 4 sie as O11 oll O12 0.08 acs | acs 0.00 
Weight alter. lddays | 18.9088 | enegse | 223185 | 226023 | 21.0270 | sLes75 | 1a.1es2 
Percentage les.) ee O18 O14 0.16 0.19 0.0% | acs ao | 10 
Weight after 23 daye | 18.9000 22.3040 21.0145 | 21.8180 | 18.1380 
Percentage loos Sea-Water | O81 aw | og 0.96 a0 | C10 | alt ais 
Veight after 85 9616 | +s0.6830 | s2.2035'| serio |. s1.0115 19.1300 
es loss = 0% asl 0.98 O81 alt ol au | eu 




















tubes. It seems unlikely that the presence of the blue salt has any im- 
portant effect on the rate of corrosion of the tubes. 

It has been suggested from time to time by engineers and others that- 
sea water remaining stagnant in the tubes has a specially rapid corroding 
effect on them. The second series of experiments shows that a 70:30 


brass tube loses about 0.6 per cent. of its weight under the action of sea 
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water for four months at,the ordinary temperature. Supposing no pitting 
to take place, and assuming that a tube could be used till it had lost two- 
thirds of its thickness, that corrosion takes place on one side only of the 
tube, and that it proceeds uniformly at the same rate, the life of a 70:30 
tube should be about seventy-five years. In practice, the life of a tube 
rarely reaches twenty-five years, and the normal life of a tube may be 
taken to be about twelve years under average conditions. As a matter of 
fact, the life of a tube in practice is usually limited, not by its resistance 
to thinning, but by local dezincification and pitting. Only complete corro- 
sion occurred in these two series of experiments, and therefore the ex- 
periments hitherto described throw but little light on the practical problem, 
except by showing that stagnant sea water at the ordinary temperature is 
not of itself an important source of trouble. 

Influence of Concentration of Sea Water—Condenser tubes are occa- 
sionally submitted to the action of sea water containing salts of a different 
concentration from the normal. Thus, when sailing up rivers and es- 
tuaries the water pumped through the condensers may contain much less 
salt than water from the open sea. On the other hand, drops of water 
may lie along the bottom of the tubes when the condenser is out of action 
and partially evaporate, giving rise to a concentrated solution of sea-water 
salt. Further, such drops of concentrated sea water may be formed al- 
ways in the same positions in the tubes. Consequently it was thought 
desirable to obtain data showing the effect of these factors. 








IMMERSION TEST. 
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The experiments were carried out as before, with the exception that 
the liquid used was sea water which had been concentrated to one-quarter. 
one-half, and three-quarters of its original volume, and a fourth test was 
made with sea water which had been diluted to twice its volume with 
distilled water. Thus calling the concentration of ordinary sea water 1, 
the concentration of the liquids used could be denoted by 4, 2, 1.5 and 0.5 
respectively. Only one kind of tube was used in the experiments with 
concentrated sea water, viz.: 70:30 brass. Two tubes were immersed 
horizontally in each kind of sea water exactly as in Series II. The re 
sults are shown in Table V, and Fig. 6. 

It will be seen that in general an increase of concentration gives an 
increase in the rate of complete corrosion. Between sea water of con- 
centrations 1 and 1.5 there is little difference in rate of attack; but the 
higher concentrations 2 and 4 accelerate it to almost twice the ordinary 
rate. The corrosion product was the ordinary blue deposit already de- 
scribed. No signs of dezincification were observed. é 

There was a noticeable difference from the usual appearance in the case 
of the tubes which were corroded in the highly concentrated sea water. 
The oxide layer was much lighter in color; and the: greenish deposit 
adhered to the tubes tightly in patches, rendering the loss-of-weight values 
less accurate. The deposit, on the other hand, was mare highly colored, 
jn that there was less copper in the oxide layer, but more in the 

eposit. 

A series of tests with the four types of tube suspended vertically (using 
2-inch lengths), precisely similar to Series I experiments, was carried 
out in diluted sea water (concentration 0.5). The results obtained for 
the upper tubes are given in Table VI and Fig. 7. 


TABLE VI.—DILUTED SEA—WATER CORROSION TESTs. 




















I. 2. 3. 4. 
Sh Interval. 70: 30 |70: 28: 2) 61: 39 |70: 29:1 
Initial weight in grammes ‘is 12.1652 | 13.8800 | 13.3290 | 9.6500 
Weight after corrosion} 

TOD: scntapssans Siienicaseccehaas | 28days | 12.1514 | 13.8668 | 13.3197 | 9.6408 
Loss in grammes kad 0.0138 | 0.0132 | 0.0093 | 0,0092 
Percentage loss............... | Sea water | oO.II 0.095 0.07 0.095 

; renewed. 
Weight after..............008 | 84 days | 12.1274 | 13.8415 | 13.3044 9.6172 
Percentage loss.............. | Sea water | 0.31 0.28 0.18 0.34 
| renewed. 
Weight after.............0 «| 168 days | 12.0960 | 13.8150 | 13.2895 | 9.6000 
Percentage loss...............! er Ag Se 0.47 0.30 | 0.52 








They show that a decrease in the concentration of the sea water 
diminishes slightly the rate of complete corrosion. A complicating factor, 
however, is introduced by the fact that after the lapse of five to six 
months a new type of corrosion is observed to set in. The tubes (with 
the exception of the 70: 28:2 alloy) which had hitherto undergone only 
ordinary complete corrosion of the kind previously described became cov- 
ered (mostly on the backs) with minute specks of a white substance, which 
was strongly adherent. When the white salt was removed a coppery area 
was invariably disclosed. Evidently the corrosion was proceeding in a 
different manner from usual, and was of the type characterized in this 

aper as “selective.” This aspect of corrosion is dealt with in detail later. 

t is very noteworthy that the 70: 28:2 brass did not show any sign of 
this selective attack under these conditions, while, of the others, Muntz 
metal seemed to be the most suspectible to it. 








| 
| 
i 
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INFLUENCE OF PARTICLES. 


The opinion has been repeatedly expressed by speakers and writers on 
corrosion that trouble occurs most frequently in practice when sea water 
has been allowed to remain at rest in the tubes. Arnold Philip, in par- 
ticular, has suggested that stagnant sea water gives rise to serious corro- 
sion, but acts principally by allowing particles of carbon and other electro- 
negative bodies to remain at rest in one position on the tube, thus giving 
rise to intense local electro-chemical action. 

In the early stages of the research it seemed to the authors probable 
that some such action might be the cause of the dezincification of tubes, 
and experiments were arranged to test the effect of the following sub- 
stances, acting in conjunction with stagnant sea water at atmospheric tem- 
peratures: Graphite, coal, coke, clinker, sand, iron pyrites; loss-of-weight 
experiments were carried out in exactly the same manner as in Series II 
experiments previously described, the various substances being placed on 
the tubes, which were all of the 70:30 type. In the case of coal, coke, 
&c., the materials were tied firmly down to the tubes, so as to touch them 
to certain definite points. Check tubes—i.e., tubes without any substance 
in contact with them—were placed in the same beakers with the tubes 
being tested. The results are collected in Table VII. 

These results show that none of the substances examined exerts any 
important influence on the amount of general corrosion at the ordinary 
temperature. Moreover, the most careful scrutiny of the tubes failed to 
reveal any sign of dezincification. In general, the effect of these sub- 
stances was to retard slightly the speed of corrosion. Under the graphite 
and sand the tubes were quite bright and unoxidized, and it seemed that 
the only effect of these substances was a mechanical one, whereby free 
access of oxygen to the tube was prevented. It seemed just possible that 
the bright areas of the tubes were really areas of most active attack, from 
which oxide was removed more rapidly than it was formed, but careful 
micrometer measurements show that in every case tubes were slightly 
thicker at the bright areas than at the surrounding parts. 

These experiments as regards the effect of graphite were repeated with 
pieces of Admiralty tube, and exactly similar results obtained. 

It seemed probable that the failure of such substances as graphite and 
coal, even when in close contact with the tubes, to promote corrosion, 
was due to the resistance interposed in the electrical circuit at the point 
of contact between the tube and carbon. To test further the efficacy of 
electro-chemical action the following experiment was also made: 

A circular hole was bored in < piece of 70:30 brass tube, and a piece of 
copper rod was screwed into it, thus ensuring a thoroughly satisfactory 
electrical contact between the electro-negative copper and the electro- 
positive brass. The tube was then immersed in stagnant sea water for 
sixty days, together with a check tube. The results of loss-of-weight de- 
terminations were as follows: 


Loss after 60 Days = 


Copper Plug Tube. Check Tube. 
Per Cent. Per Cent. 
0.23 0.25 


There was no sign whatever of any localized reaction on the brass sur- 
rounding the copper, such as would have occurred if any electro-chemical 
stimulation of corrosion had taken place. The conclusion to be drawn 
from this and other experiments to be described subsequently is that, even 
under the most favorable conditions that can be devised to exhibit electro- 
chemical attack on brass by carbon and copper, no such action takes place, 
and that in: consequence the settling of particles on condenser tubes is not 


per se a cause either of dezincification or of any intense local complete cor- 
rosion inducing a pit. 
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The authors attribute the absence of such action to the contact resistance 
interposed in the electrical circuit by the adherent oxide film which forms 
on the surface of the brass. The existence of electro-chemical action, 
which a number of authors claim to have described in the case of iron and 
steel, is due to the fact that the hydrated ferric oxide does not adhere to 
the surface of the metals and that in consequence electro-chemical action 
can proceed freely without the interruption due to the introduction into the 
circuit of a large amount of resistance. 

Influence of Motion of Sea Water.—In all the experiments hitherto de- 
scribed the rate of complete corrosion has been very slow. It follows, 
however, from the nature of the reaction as outlined above that if the sea 
water were kept continually in motion, as is the case of condensers, it 
would be considerably accelerated. In stagnant sea water the layer in 
contact with the oxide film will quickly become impoverished in salt by 
reaction with the oxide, and fresh salt can only reach the tubes by the. 
slow process of diffusion. Thus it has been found, by daily weighing 
experiments conducted on tubes suspended in stagnant water, that the 
rate of corrosion is always much faster during the first day than after- 
wards. At first, the rate is determined by the speed of reaction between 
the oxide and the salt, but after the first few hours it is determined 
principally by the rate of diffusion of salt and oxygen, and since this is 
slow the speed of corrosion falls off considerably. Possibly the zinc 
passes rapidly into solution during the interval of time before the forma- 
tion of the oxide layer. These points are illustrated by the curves shown 
in Figs. 8 and 9. 

Curve 1, Fig. 8, shows the results obtained from a continuous aeration 
experiment, in which two 70:30 tuses were immersed in 1% liters of sea 
water, through which air was kept continually bubbling, and thereby the 
speed of corrosion is almost doubled compared to-the rate of corrosion in 
stagnant sea water, as represented by curves 2, 3 and 4. 


Fig.9. RESULTS OF Sp ad 
BY RUNNING SEA WATER. 
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The curves shown in Fig. 9 were obtained from the results of an ex- 
periment in which 4 liters. of sea water were circulated continuously. by 
means of a pump along two 6-inch lengths of 70:30 tube which had been 
cut in half along a diameter. Under these conditions the speed of cor- 
rosion is further increased to approximately four times the rate ob- 
taining in stagnant sea water {an accurate comparison cannot be made, 
since only a portion of one side of the tubes was exposed to attack by 
the flowing current of sea water). A uniform tenacious oxide layer was 
formed on these tubes similar to that on the tubes immersed in. stagnant 
sea water, but was somewhat darker in color. 

Further experiments were carried: out: with circulating sea water on the 
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effect (if any) of particles on brass corrosion. Pieces of coal and clinker 

were tici on near the center to 6-inch lengths of each of the four kinds of 

tube, and sea water circulated along the tubes continuously for thirty days. 

On examination at the end of this time, none of the tubes showed any 

traces of localized corrosion in the neighborhood of the particles. On the 

other hand, beneath the coal was found a bright unoxidized patch, con- 
firming previous observations that such particles only exert a mechanical 
protective action. 

Influence of Deposits of Basic Salts—In view of the fact that neither 
copper nor carbon particles set up any electrolytic action when in contact 
with a tube, it seemed unlikely that such poor conductors of electricity as 
the green basic salts which are formed during corrosion would have any 
effect. There still remains the possibility that they might exert direct 
chemical or catalytic action. 

In the horizontal immersion tests, when the ordinary green deposit was 
allowed to settle on the tubes its influence was shown to be very slight. 
In this case, however, the deposit never adhered tightly to the tube. In 
order to test whether it would exert a greater effect when it adhered 
firmly to a tube, a wet-and-dry test was carried out by immersing two 
tubes for one day in sea water, and allowing them to dry in air on the 
next, and so on alternately for sixty days. 

The results showed an increased loss of weight as compared with the 
ordinary continuous immersion tests, but no signs of selective corrosion 
were observed. Hence it may be concluded that at ordinary temperatures 
the greenish-blue deposit does not give rise to selective corrosion. 

It has already been mentioned that a portion of the zinc which is re- 
moved from the tube in the course of the complete type of corrosion re- 
mains in solution as chloride. It is well known that this substance in 
aqueous solution has an acid reaction, owing to hydrolysis, thus— 

ZnClz+2Hs02Zn(OH):+2HCl. 

On concentration of the aqueous solution— 
ZnClo+H:OZHC1+Zn(OH)Cl. 
2Zn(OH)Cl>ZnsOCh+H20. 

insoluble white basic chloride. 

Experiments have repeatedly shown that if hydrochloric acid, even when 
dilute, be allowed to evaporate in contact with a piece of 70: 30 brass tube, 
a green basic chloride is formed, and superficial dezincificatidn—i.e., se- 
lective corrosion—takes place, leaving a copper-rich layer. It was 
thought, therefore, that zinc chloride would act in the same way by gen- 
erating hydrochloric acid as indicated by the reactions given above. More- 
over, the production of hydrochloride acid, if it occurred, would be re- 
generative, as shown by the equation given above. 

The following experiments were therefore tried: 

1. Moist zinc chloride was left in contact with a tube for some days at 
the ordinary temperature. No dezincification was observable. 

2. Moist zinc chloride was next placed inside a tube and the whole 
heated to 70-80 degrees C. Pronounced dezincification was observable 
wherever the moist salt had been in contact with the metal. 

3. Zinc chloride was placed upon a tube suspended in ordinary sea 
water. No selective corrosion occurred, but the tube did not oxidize, re- 
taining its yellowish color as if protected from corrosion. 

It is evident, therefore, that zinc chloride, if it can accumulate at any 
point on a tube, might start dezincification if the condenser tubes were hot. 
It is not, however, very aa to see in what way this salt can accumulate 
at any one definite spot. The most probable way seems to bs as follows: 


Drops of concentrated water might form many times in a certain definite 
position on a tube when the condenser was emptied, these might finall 
dry up and give rise each time to a considerable amount of basic salt whic 
might be rich in zinc chloride. In the presence of fresh supplies of mois- 
ture the chloride might be hydrolyzed and give rise to dezincification. 
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Accordingly, the following experiments were tried: Drops of sea water 
were placed on three tubes and allowed to evaporate completely. As 
soon as this occurred the drops were renewed, and in this way a quantity 
of basic salt was accumulated at certain points on the tubes. One of the 
tubes was then heated to 55 degrees C., another to 100 degrees C., and a 
third was not heated at all. The deposits on the three tubes would thus 
represent three states of basicity—that heated to 100 degrees C. being the 
most basic. Next, they were all immersed in sea water for four weeks. 
Corrosion of the complete type increased with the degree of the basicity 
of the salt, but no dezincification or selective corrosion was observable. 

A number of other similar experiments with various deposits of basic 
salts were tried. In some cases these appeared to have some slight in- 
fluence on the rate of complete corrosion, but in no case was the influence 
sufficient to exert any appreciable effect on the life of the tube. 


EXPERIMENTS WITH JELLY INDICATOR. 


It was thought that some light might be thrown on the phenomena of 
dezincification by the use of a test similar to that used by Walker and 
others for studying the corrosion of iron and steel, and called by them the 
ferroxyl test. 

The test was originally devised for the purpose of ascertaining at what 
‘ particular area on a sample of metal iron passed into solution with the 
formation of rust. The test was carried out in exactly the same manner 
as for iron and steel, except that potassium ferrocyanide was substituted 
for potassium ferricyanide, since the former gives an easily recognizable 
white precipitate with zinc and a brownish-red precipitate with copper. 

Experiments were carried out with jellies made up with distilled water 
and sea water. Ordinary pieces of 70:30 tube, when tested in these jel- 
lies, showed no well-defined local action. In both cases the jellies showed 
metal passing uniformly into solution with production of a pink phenolph- 
thalein coloration all over and around the tubes. After immersion in the 
jelly for a few days the tubes became covered with a slimy brown layer of 
the precipitated metallic ferrocyanide. 


GENERAL CONCLUSIONS TO BE DRAWN FROM THE EXPERIMENTS AT ATMOS- 
PHERIC TEMPERATURE. 


1. Corrosion at this temperature in ordinary sea water is always of the 
complete type and is very slow, and, further, it decreases in rate with 
progress of time. 

2. Particles—such as carbon in the form of coke, coal or graphite, sand, 
&c.—have little or no effect on the speed or type of corrosion. 

3. The greenish-blue deposit formed during corrosion has very little 
effect on the speed of corrosion. Ferric oxide appears to exert some slight 
accelerating effect, but it is too small to be practically important. 

4. The alteration in the concentration of the sea water affects the speed 
of corrosion as follews: An increase of concentration increases the speed ; 
a decrease of concentration (or dilution of the sea water) decreases the 
speed, and to some extent alters the type of corrosion after a long period 
of immersion. 

5. No evidence is forthcoming that “flaws” and “ spills’ have any 
influence on corrosion at ordinary temperatures. 

6. The rate of corrosion is approximately the same in the case of 70:30 
brass and the 70:28:2 alloy. The rate of corrosion of Muntz metal is 
pd and that of the 70:29:1 alloy is faster than that of the other 
alloys. 

The order of resistance to selective corrosion, induced by diluted sea 
water, showed the 70: 28:2 brass to be the most resistant (to date has 
resisted completely), and Muntz metal the east resistant. 

8. Free hydrochloric acid will give rise to corrosion of the selective 
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type at the ordinary temperature, but is either not formed at all from 
zinc chloride in the presence of sea water, or is formed in too small a 
quantity to be harmful. 


EXPERIMENTS CARRIED Out at 40 Decress C. 


For these experiments a large gas-heated thermostat, which would hold 
sixteen beakers, was fitted up. In each beaker was placed 1%%4 liters of sea 
water, and they were suspended in the thermostat by means of wooden 
trays. The surface of the water in the beakers was left open to the air, 
and evaporation was made good each day by means of distilled water. 
The water surrounding the beakers in the thermostat-itself was covered 
with a layer of liquid vaseline to diminish evaporation. The tempera- 
ture of the thermostat remained constant to within a quarter of a degree, 
and this was sufficiently accurate for the purpose in view. A pair of 3- 
inch lengths of each of the four standard tubes were immersed in four of 
the beakers, in a precisely similar manner to that described in the horizon- 
tal immersion tests. The thermostat was heated continually night and 
day and throughout the week ends. 

The first stage of corrosion appeared to be identical with that which 
occurs at the ordinary temperature, viz.: oxidation of the surface of the 
tubes, but the layer of oxide was formed more rapidly; Muntz metal must 
be excepted from this statement, since the metal appeared quite bright 
and unoxidized. The second stage of the process was the formation of an 
insoluble green deposit which contained both copper and zinc, and closely 
resembled that formed at the ordinary temperature. As before, part of 
the zinc remained in solution. The tubes were removed and weighed 
every week, and the results are shown in Table VIII, and are plotted in 
the curves shown in Fig. 10. It will be seen that the order in which the 
tubes resist corrosion at 40 degrees C. differs from that at atmospheric 
temperature. 


fig. 10. EXPERIMENTS AY 40°C. 
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In a number of the experiments at 40 degrees C. dezincification was ob- 
served. Whenever this occurred a white salt was formed in addition to 
the greenish-blue salt already described. The white salt was found 
to be oxychloride of zinc, and it adhered firmly to the tubes in 
spots. In consequence of this the losses of weight in these experiments 
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are not so reliable a measure of the amount of corrosion as in the ex- 
periments conducted at the ordinary temperature. 

The first tubes to show signs of dezincification were those of Muntz 
* metal. An adherent white deposit, sticking to the tube in small patches at 
the edges and at the ends, was clearly visible at the end of seven days. 
Beneath each white speck a small dezincified area was found. The rest 
of the tube retained its bright appearance. The dezincified spots increased 
in number as time went on, and at the end of a month the greater part 
of the edges and ends of the tube were coppery in appearance. Dezincifica- 
tion had also begun on the backs of the tubes. 

The next to show dezincification was the 70:30 brass. It was noticed 
on one of the two tubes at the end of a fortnight, but the other was ap- 
parently not affected. At the end of a month, however, dezincification 
was quite marked along the edges and ends of both tubes and on the 
back of one only. 

The 70: 29:1 tubes showeu slight traces of dezincification at the end of 
three weeks. In the case of these tubes it occurred on the interior sur- 
faces near the end. 

The 70:28:2 tubes appeared to be the most resistant to selective cor- 
rosion. At the end of a month there were but very slight traces of de- 
zincification along the sides of the interior surfaces of the tubes. 

A considerable number of other experiments were carried out at 40 
degrees C. on 70:30 brass tubes. It was observed that in the great ma- 
jority of cases dezincification began along the sawn edges of the tubes. 
Two explanations of this observation suggested themselves. In the first 
place, it was just at these edges that diffusion, both of oxygen and salt, 
took place most rapidly, and this fact alone might be sufficient to account 
for the increased action in that position. An alternative view was that 
these edges, which had been sawn and only roughly smoothed, afforded 
better loci for the deposition of the white basic salt, which in some way 
facilitated the attack on the zinc of the brass. 

To test the latter view two tubes were polished all over very carefully, 
so that the physical condition of the edges and ends was as nearly as pos- 
sible identical with that of the inner surface. These tubes were then 
placed in a beaker in the thermostat along with the other tests. At the 
end of a month it was found that one of the tubes showed severe dezinci- 
fication along one edge only, while the other tube was dezincified only 
along the bottom edge of the inner surface, and not at all along the edges. 
The result is not entirely conclusive, but, taken in conjunction with the 
results obtained with other tubes, appears to point to the fact that the 
physical condition of the surface exerts some influence in determining the 
areas at which dezincification appears. 

Influence of Concentration of Sea Water at 40 Degrees C—The sam- 
ples of the sea water used in this section of the work were of concentra- 
tion 0.5 (diluted sea water) and 2. : 

In the case of the diluted sea water both tubes clearly showed dezinci- 
fication at the end of seven days, and at the end of one month it had 
become fairly general all over the tubes; patches of the white basic salt 
- were widely distributed. In the case of the concentrated sea water, the 
tubes at the end of a fortnight exhibited a light yellowish-brown oxidized 
appearance; no particles of white salt adhered to the tubes, nor was an 
sign of dezincification visible on either tube. After a period of one tie: 
white spots began to appear, showing that concentrated sea water has a 
retarding, but not preventative, effect on the occurrence of selective cor- 
rosion. 


INFLUENCE oF SUBSTANCES IN CoNnTACT wiTH TuBES AT 40 Decrers C. 


(A) Graphite on 70:30 Tubes.—After twenty-eight days the tube was 
bright and unattacked beneath the graphite. At the edges of the graphite, 
layers of bluish and reddish oxide were visible. These were evidently 


a tren 
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due to the mechanical prevention of diffusion by the graphite, whereby 
the salt was unable to attack the oxide. The tubes showed dezincification 
in spots, mainly along the edges, as in the case of the bare tubes discussed 
above. The locality of the spots showed no definite relation to the posi-- 
tion of the graphite. 

Graphite on 70:29:1. Tubes—The appearances presented by these were 
similar to those of the 70:30 tubes, except that no dezincification was ob- 
servable. 

(B) Copper Plug Experiment—A 70:30 tube, with a copper plug 
screwed into it, was placed in a beaker with a check tube; at the end of a 
month both tubes exhibited general dezincification at the edges. The 
metal in the neighborhood of the copper plug was not specially attacked. 
The presence of the copper plug evidently had no effect on the distribution 
of the areas of selective corrosion. The plug itself was covered with a 
layer of cuprous oxide. 

(C) Precipitated Zinc Hydroxide—It was thought that a slow inter- 
action might take place between this substance and the salt in sea water 
and give rise to the oxychloride, which is formed as a result of selective 
corrosion, and which appears to have an accelerating, or, at least, localiz- 
ing, effect upon the reaction. Accordingly a check tube and a tube upon 
which zinc hydroxide had been placed were exposed to the action of sea 
water for a month at 40 degrees C. A slight dezincifying action was ob- 
served beneath the hydroxide deposit, and it seemed probable that the 
expected reaction took place to some extent, but was slow and required 
a considerable time to become effective. 

(D) Ferric Oxide—This substance seemed to have a slightly accelerat- 
ing effect on the rate of complete corrosion, as noticed previously for cor- 
rosion at atmospheric temperature. It did not appear to increase selective 
corrosion. 

(E) Zinc Chloride—This substance when brought into contact with 
sea water formed a highly insoluble finely-divided oxychloride which set- 
tled on the tubes and set up active dezincification. The action was most 
intense at the edges, which became uniformly coppery in color. No com- 
plete corrosion took place, the tubes retaining their bright yellow color, 
and their loss in weight was much smaller than in the normal case. 


CONSIDERATION OF THE RESULTS OF EXPERIMENTS AT 40 Decrexs C. 


One fact of predominating importance has been brought out by these 
experiments, viz.: that brass tubes of any of the standard compositions 
will become dezincified by the action of sea water at this temperature. 
The order of resistance to this type of corrosion is: 


1. Muntz metal (the least resistant). 
2. 70: 30 brass. 

3. 70: 29:1. 

4. 70: 28: 2. 


Dilution of the sea water increases the tendency towards selective cor- 
rosion; concentration of the sea water tends to repress it. The effect of . 
particles was unimportant, with the exception of zinc chloride and pos- 
sibly zinc hydroxide. The position at which dezincification began was de- 
termined largely by the physical condition of the metal and by the points 
to which diffusion could take place most rapidly, and not by the electro- 
chemical effect of particles. 

In no case were the tubes dezincified to any great depth by immersion 
for one month, and the experiments must be continued for a much longer 
period before a quantitative expression can be obtained for the rate of 
progress of dezincification through the tube. Although at 40 degrees C. 
the type of corrosion is selective to some extent, yet it is not entirely con- 
centrated upon the zinc. In all cases a certain amount of loosely adherent 
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greenish-blue salt was formed, which closely resembled that observed at 
the ordinary temperature. The formation of this salt did not appear to 
be confined to definite parts of the tube, but to take place generally, except 
just at those points where dezincification was in progress. On the other 
hand, dezincification began at certain definite spots and spread gradually. 
At these spots white basic chloride of zinc was formed and adhered firmly 
to the tubes. The nature of the action seems to the authors to be as 
follows: 

At 40 degrees C. the normal action of sea water is slight preferential 
solution of the zinc, but some copper is removed from the metal at the 
same time. The zinc chloride, which rapidly accumulates in the solution, 
reacts with oxygen to form a basic oxychloride, which is precipitated upon 
the tube at any point of roughness, or on any particles of foreign matter 
which themselves stick to, or slightly roughen, the tube, and so present 
nuclei for the precipitation of the salt. When once this white salt has 
been deposited at any point, the action becomes localized, and it seems as 
if the salt has a regenerative action in bringing about the transfer of 
chlorine from the sea water to the zinc of the brass. 

It is now abundautly evident that temperature is a factor of prime im- 
portance in determining the type of corrosion of brass at 40 degrees C. 
Even at 25 degrees C.—that is, at only a slight elevation above the ordi- 
nary temperature—it has been found that selective corrosion of 70:30 
brass becomes visible after a few weeks’ immersion in sea water. It.is a 
remarkable fact that Bruhl mentions the result of two loss-of-weight ex- 
periments carried out for nine weeks with 70:30 brass, but gives no de- 
tails of the appearance of the tubes, and makes no mention of dezincifica- 
tion, nor does he refer to any difficulty: met with in removing oxychlorides. 
No analysis or description of the brass used, or details of the method of 
experiment are given in his paper, but the metal appears to have been 
brass plate. The present authors have observed dezincification at 40 de- 
grees C. in twenty different samples of tube, and only one sample success- 
fully resisted it for a-month. It should perhaps be mentioned that Bruhl 
used synthetic sea water, whereas the authors used natural sea water. 


RELATION BETWEEN Loss oF WEIGHT AND THE OCCURRENCE OF DEZINCIFI- 
CATION, 


An examination of the tables and curves will show that the loss of 
weight for a given time of immersion in the case of 69:31 and 70: 28:2 
alloys is slightly greater at 40 degrees than at the ordinary temperature, 
while in the case of 70:30 alloy it is about the same, but much smaller for 
Admiralty metal, so that the relative order in which the tubes lose weight 
differs from the order at the ordinary temperature. Moreover, there is 
no definite relationship between the total loss of weight and the resistance 
to dezincification. Thus Muntz metal, which loses least in weight, is most 
readily dezincified; as regards loss of weight it is followed by the 70: 28:2 
alloy, but the 70: 30 brass is the next most easily dezincified tube. 

It should be borne in mind that in all cases in which dezincification 
takes place, the loss-of-weight results are less accurate than when no such 
action takes place. It is, however, quite evident that loss-of-weight ex- 
periments, conducted at the ordinary temperature for periods of a few 
months only, give no clue whatever to the behavior of the alloys at 40 
degrees C. as regards dezincification. The small losses of weight shown 
by Muntz metal after dezincification has begun are due mainly to the fact 
that, though dezincification begins soon and penetrates deeply, yet it is 
severely localized. 


EXPERIMENTS CARRIED Our at 50 Decrees C. 


Observations made upon the temperature of the outlet water from con- 
densers in practical use showed clearly that much higher temperatures 
than 40 degrees C. occurred frequently in the interior of the condensers. 
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It is not very unusual for the outlet water to reach a temperature of 45 
degrees C., especially in the case of ships trading in the tropics, and this 
indicates that at certain points along the interior of the tubes the tem- 
‘perature of the water would be at least 50 degrees C. In view of the re- 
sults obtained at 40 degrees C., it therefore appeared desirable to examine 
the effects produced during corrosion at a higher temperature. Accord- 
ingly, an electrically heated thermostat was installed to run at 50 degrees 

Beakers of sea water were suspended in the thermostat by means of 
wooden trays and a pair of 3-inch tube-lengths immersed horizontally in 
each beaker as before. : 

The experiments at 50 degrees C. were confined mainly to the 70:30 
and 70:29:1 alloys, as the space in the apparatus was more limited than 
in the case of the thermostat at 40 degrees C. | 

The 70:30 tubes showed clear signs of dezincification after seven days’ 
immersion; the action began at the edges and ends, and spread later to the 
backs and interior surfaces of the tubes. 

The 70:29:1 tubes were far more resistant than the 70:30, and no 
signs of dezincification could be detected at the end of six weeks’ immer- 
sion. In view of the fact that this alloy showed slight dezincification at 
the end of three weeks at 40 degrees C., this result is remarkable, and it 
appears to indicate that there is a limited range of temperatures over 
which dezincification can take place. The matter deserves further inves- 
tigation. f 

The layer of oxide formed at this temperature was less uniform than 
usual and decidedly darker in color than that formed at the lower tem- 
peratures. Wherever free access of oxygen was limited by the presence 
of string, coal or other substances in contact with the tube, a bright red 
— of cuprous oxide was noticeable, especially in the case of the 70: 29:1 
alloy. 

The deposit formed as a result of the corrosion of the 70:30 tubes 
was in all cases of a dirty white color, very different from the green-blue 
basic salt formed at lower temperatures. It was found to contain only 
traces of copper, and consisted almost entirely of basic chloride and car- 
bonate of zinc. The deposit formed from the 70: 29:1 tubes was of a 
pale green color, lighter than that obtained at the ordinary temperature. 

It will now be realized that the effect of temperature is of predominat- 
ing importance in determining the nature of the reaction which takes 
place when brass is corroded by sea water. At the ordinary temperature 
both copper and zinc are removed from the metal, approximately in the 
proportions in which they are present in the brass; and that uniformly 
over the whole surface of the metal. As the temperature is raised, less 
and less copper is removed proportionately to the zinc, and at a tempera- 
ture of 50 degrees C. the attack is concentrated almost entirely on the 
zinc. The presence of tin in the brass exerts a powerful effect in re- 
tarding selective corrosion, as described above. he way in which it 
exerts this effect is not yet clear, and should be the subject of further 
investigation. 

It will be noticed from the curves in Fig. 11 that the total loss of weight 
of 70:30 brass at 50 degrees C., is rather smaller than at the ordinary 
temperature for an equal period of time. It seemed probable that this was 
due to the decreased solubility of oxygen at the higher temperature. In 
order to test this a 70:30 and a 70: 29:1 tube were immersed side by side 
in a beaker into which air was pumped continually by a motor-driven force 
pump, so that the sea water in the beaker was kept continually in a state 
of violent agitation. 

This experiment seemed to the authors particularly important from 
an entirely different point of view, since it would afford evidence of the 
effect of the motion of the sea water upon the adherence of the oxy- 
chloride to the tube. The results of the experiments as regards loss of 
weight are given in Table IX and Fig. 11. It will be seen that the speed 
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Fig. 14. EXPERIMENTS AT 50°C 
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of corrosion is enhanced by the aeration of the water, and is much in 
excess of. that at the lower temperatures. Moreover, these experiments 
brought to light the important fact that agitation of the water does not 
prevent the sticking of the oxychloride to the surface of the tube; rather 
the selective corrosion seemed to be increased under these conditions and 
this observation agrees well with the evidence obtained from tubes cor- 
roded in practice, in which the. oxychloride was found to adhere tightly 
: the tubes, in spite of the fact that the water is circulated rapidly through 
them. 


TABLE IX.—TEsTs aT 50 DEGREES C. 


























Continually Not 
aerated. aerated. 
NEE. Interval. 
; I. 4. I. 
JO: 30 |70: 29: 1| 7oO: 30 
Initial weight in grammes... as 4 21.8007 | 18.1943 | 20.9700 
Weight after......0........ccceeee 7 days 21.7630 | 18.1810 | 20.9562 
Loss in grammes........ dvsesaves te. 0.0377 0.0133 0.0138 
Percentage loss................... pay 0.17 0.07 0.07 
Weight after............cccccceeess 14 days 21.7446 | 18.1740 | 20.9508 
Percentage loss, .............206.. tied 0.23 O.II 0.09 
Weight after................ccc000. 21 days 21.7346 | 18.1680 | 20.9390 
Percentage loss..............00... Sea water 0.30 0.145 0.15 
renewed. 
Weight after....... Vise BIRT 28 days 21.7182 | 18.1600 
Percentage loss............ ibdiaes bak 0.38 0.19 
Weight after...........ce0.00..) 35 days 21.7070 aa 
Percentage loss.......... OREN i Hee 0.43 
Weight after...........00. .cs0000s| 42 days 21.7000 
Percentage loss...... ae dS ivabdS- Sea water 0.46 
‘| renewed. 
Weight after.....scc00....00...05. 49 days 21.6965 <a dé 
Percentage loss...........0..s62.. L de o 48 bes | ‘ 
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Errect oF THE CONCENTRATION OF THE SEA WATER AT 50 Decrees C. 


The effect of the concentration of the water at this temperature was 
only studied for the cases of sea water of concentrations 0.5 and 4. In 
the former case dezincification of a 70: 30 tube became evident at the edges 
and over the whole surface after immersion for six or seven days. 

In the case of the concentrated sea water, selective corrosion, though 
not altogether prevented, was distinctly repressed; the deposit obtained in 
this experiment was of a pronounced green color, showing that complete 
corrosion had taken place to some extent. 


EFFect oF Particles AT 50 Decrees C. 


The effect of coal upon 70:30 and 70: 29:1 tubes was observed for 
six weeks, the sea water being aerated continuously throughout this time, 
as described above. The 70:29:1 tube showed no sign of dezincification 
at the end of this time; but the 70:30 tube showed the usual amount 
characteristic of the alloy for this period of time. The coal exerted no 
special effect upon the tubes other than one of mechanical interference 
with diffusion. 

Ferric oxide did not cause dezincification of a 70: 29:1 tube in twenty- 
one days, but appeared to increase slightly the dezincification of 70:30 
brass by affording loci for the deposition of oxychloride. The effect of 
graphite and of zinc chloride was similar to that which had been observed 
at a temperature of 40 degrees C. 

The effects of magnesium hydroxide and chloride were also observed, 
but were found to have no special effect on the type or extent of corrosion. 


Secrion II. 
THE EXPERIMENTAL CONDENSER PLANT. 


In the laboratory experiments hitherto described the principal object 
kept in view was the investigation of the separate effect of each of a 
number of the conditions to which a tube might be expected to be sub- 
jected in the condenser. In some cases the simultaneous effect of two 
influences was investigated, as, for instance, those of temperature and 
deposits, but for the most part the conditions were kept simple. 

It seemed very desirable, however, to observe the joint effect of all the 
influences to which a condenser tube might be subjected under the simplest 
possible conditions of practice, and to arrange matters in such a way 
that the nature of these conditions could be ascertained as accurately as 
possible. It was thought that, with the knowledge of the effect of each 
condition separately obtained in the laboratory, it might be possible to 
interpret the results obtained in the more complicated case: 

Accordingly, it was decided to erect an experimental plant which 
should subject’ forty-eight condenser tubes to conditions approximating 
as nearly as possible to those obtaining in the ordinary practice-of the 
mercantile marine. 

Description of Plant—The general nature of the required plant was 
arranged by one of the authors, with the aid of the members of the Cor- 
rosion Committee. The engineering details were. worked out, and the 
plant was supplied and erected by Mr. W. W. Strafford, of Great Crosby, 
Liverpool, and has fulfilled its purpose satisfactorily. 

An elevation of the plant is shown in Fig. 12. A is.a tubular boiler of 
special design which works under normal conditions at a steam pressure 
of 125 pounds per square inch. The steam passes through the pressure 
gage and throttles shown to the pipe B, and then to the dual-expansion 
engine C. From the low-pressure cylinder of the engine the exhaust 
steam passes along pipe D to the four steel cylinders marked E.. Each 
of these cylinders constitutes a separate condenser holding twelve tubes, 
each 3 feet long. One of these cylinders is shown separately in Fig. 13. 






















Fig.12. ELEVATION OF PLANT 
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The steam from D passes through the control-cocks D (Fig. 13) 
into the space surrounding the tubes, which are arranged as shown in the 
elevation of the tube plate in the right part of the figure. 

After the condensation of the steam the resulting water leaves the con- 
densers by the pipes F and G, and passes. through air pump H, which is 
hardly visible in the drawing, and reaches the hot well I. From this it 
was originally picked up by the pump K and returned to the boiler 
through pipe L and an injector. Later, since oil accumulated in the hot 
well to some extent, and consequently corrosion of the boiler was feared, . 
the hot water in I was thrown away, and a separate container I’ was i 
used to supply clean water to the boiler. : 

The circulation of the sea water through the tubes was carried out as 
follows: A steel tank, which would hold about 600 gallons of sea water, 
w> ‘xed in the open air outside the building which held the rest of the 
plu..c. It was protected from rain, &c.; by a cover of galvanized iron 
raised ‘about 1 foot above the top of the tank on iron supports; the 
intervening space was covered in by wire netting. Thus air had free ac- 
cess to the tank, but wind-borne rubbish was excluded. The inside surface 
of the tank was abe gia by a thin wash of cement. 

The sea water from the tank passed by gravity. through iron pipes, about 
50 feet long, into the room containing the condenser, where it reached the 
pipes L and M. From these four side tubes M’ led into the four cast- 











SO 








734 . NOTES. 


iron water-ends X of the condensers. It then passed through the tubes 
and out into the water spaces Y at the far ends of the condensers, and so 
by pipe Z into the tank N. From this it was collected by the a a 
pump P, and sent back through pipe Q to the large tank outside. To 
reach this it had to pass through 50 feet of iron tubing, and was after- 
wards delivered in a shower at a distance of some 3 feet above the level 
of the water in the tank. Consequently, the water which had been heated 
by its passage through the condensers.was cooled considerably before 
passing again through the tubes. 

Composition of the Condenser Tubes—Four standard types of tube 
were selected by the Corrosion Committee as being most suitable for de- 
tailed examination. Their compositions were as follows: 











I. = 3 4. 
: 70: 28: 2 I: 39 7O: 29: 1 
eye pte 3° Pb) Muntz Admiralty 
rass. |Special Brass.| metal. brass, 
Copper...... Ano) pe 70.21 69.94 . 60.90 71.18 
TARO ivetiverbesdatoccee: - 29.17 27.60 38.21 27.28 
Pea isabrusacactsie secsians Ae bee aa 1.07 
VBE cecdvccssecsoscocdsst ss 0.27 2.08 0.46 0.28 
Tron,.....0« rane sereny es 0.27 0.28 0.33 0.21 
TOBIN 6555 chsseseaee 99.92 99.90 99.90 100,02 

















The tubes of the first three types were kindly presented to the Com- 
mittee by the Muntz Metal Company, of Smethwick, Birmingham, and the 
tubes of type 4 by the Broughton Copper Company, Manchester. The 
latter firm also presented an additional quantity of 70:30 brass, which was 
required for the laboratory work. The authors tender their grateful 
thanks to both these firms.* 

Composition of the Sea Water—The sea water used in the experiment 
was taken at high tide from deep water at Formby, at a point well outside 


the mouth of the River Mersey. The composition of the sea water was 
as follows: 


Per Cent. 
Sodium chloride ....3.....2..000ce ees 2.81) Total chloride 
Magnesium chloride ..........65. 000008 0.21 73.19 per cent. 
Potassium chloride ......6. 00:00. 00006 0.17. ~ 
Magnesium sulphate ...........00...... 0.11 
Calcium sulphate ...........0..0.ee 000s 0.08 
Calcium carbonate .......0..c0.ceeeeee 0. 


.02 
Specific gravity at 17.6 degrees C. == 1.0225. 


Owing to the expense of carting large quantities of sea water, it was 
desirable to use the same sample for as long as possible. Accordingly, the 
specific’ gravity and the chlorine content of the water were estimated 
weekly, so.as to afford a guide as to the alteration of the composition of 
the water with time. Owing to loss by evaporation, both the specific 
gravity and total chlorine increased slowly in the manner shown by the 
turves traced in Figs. 14 and 15. It was decided that the total chlorides 
should not be allowed to exceed 4 per cent.,t and accordingly it became 


“It should be mentioned that no difference whatever could be detected in the 
behavior of the 70 : 30 tubes made by these two firms, though they were used side by 
side in a number of the laboratory experiments. 

t Laboratory experiments. descril previously show that a small increase in con- 
centration. does not affect the speed of corrosion appreciably. 
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necessary in. warm weather to change the water every six weeks. Rather 
longer runs were possible in cooler months. 

Sea water was circulated through the tubes every day for nine hours, 
at the end of which time the steam and water were cut off and the plant 
was allowed to cool down. It would have been advantageous to circulate 
the sea water continuously night and day, but the funds available did not 
sermit of the payment of an attendant for the night shift. When the 
supply of water from the main tank to the condensers was cut off—as, for 
instance, at night and on Sundays—a small amount of water always re- 
mained at the bottom of the tubes. The plant was run for half a day 
on Saturdays and remained idle all Sundays. The total period during 
which the plant was run. in the manner indicated was nine months, at the 
ead of which time it became necessary to close it down, owng to lack of 

unds. 

Temperature Conditions in the Plant—The temperature of the inlet 
water rose gradually during each nine-hour period of running, especially 
in hot weather. It appeared to attain a maximum in about 7 hours. The 
hottest weather during the period occurred in May, 1912, and a curve is 
plotted in Fig. 16, showing the rise in temperature during the day. The 
use of a much larger volume of water would have prevented to some 
extent this rise in temperature, but the additional cost of haulage would 
have been. considerable. Moreover, it was only during the hot weather 
that the effect became important, and even in this case the conditions ap- 
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paertes to those which might arise on board a ship trading to the 
ropics. 

Tt septal desirable to obtain a knowledge of the temperatures obtaining 
in the interior of the condenser, since these could not be deduced from 
measurements made on the in-going and out-going water. .Accordingly, 
four thermometers were inserted through the casing of each of the 
four sections of the condenser in such a way that the bulbs of the ther- 
mometers were in actual contact with the top tubes. The thermometers 
were fixed in glands which were made perfectly steamtight. The arrange- 
ment is shown at T in Fig. 13. 

These thermometers served two purposes—viz: 

1. That of enabling four sections of the condenser to be kept at ap- 
proximately the same temperature by the adjustment of the amount of 
steam admitted to each. 

2. That of indicating the distribution of temperature along each tube. 

The actual temperatures observed depended principally upon four fac- 
tors—(a) the atmospheric temperature; (b) the amount of steam being 
condensed; (c) the time the plant has been at work; and (d) the speed 
of the water through the tubes. The factor (d) was kept constant 
throughout the whole experiments described in this paper, and its effect 
will not be considered further. As regards factor (a) the plant ran 
from March, 1912, till the following December, and during this period 
some of the highest temperatures recorded for the inlet water were ob- 
tained during the month of May. No severe frosts occurred during the 
whole run of the plant, and the lowest temperatures were observed during 
November. Typical curves illustrating the distribution of temperature 
along the tubes during May and November are shown in Figs. 17 and 18. 

It was not found possible to separate the factors (a) and (b) from 
one another entirely, so that the actual temperature of the inlet water, 
after the run had once begun, depended on both factors jointly. The 
extremes in steam pressure recorded were 90 pounds per square inch and 
135 pounds, but for the most part the steam was kept in the neighborhood 
of 125 pounds. 

An examination of the curves shown in Figs. 17 and 18 will show that 
the tubes in the four sections of the condenser had been subjected to tem- 
perature conditions that are nearly identical. Although the amount of 
steam admitted to each section could be controlled by a separate cock, it 
was not found possible to obtain greater equality of temperature than that 
shown in the curves. Sometimes one section was slightly the hottest and 
sometimes another, and the small differences appeared to be fairly uni- 
formly distributed between. the four sections. Difficulties in obtaining 
exact uniformity of conditions rapidly increase with the scale of the 
plant, and although the.engine and pump were kept working as regularly 
as possible, it is to the unavoidable variations in these matters that the 
differences in temperature are due. 

It may be mentioned that it was found difficult to keep the vacuum in 
the condenser above 20 inches, although occasionally it reached 25 inches 
to 27 inches. In ordinary mercantile marine practice the vacuum approxi- 
mates more nearly to the higher figure. 

The amount of steam condensed per hour per square foot of con- 
denser surface was approximately 5 pounds. This amount is also some- 
what smaller than the normal practice in the passenger services, though it 
corresponds approximately with the amount condensed in cargo boats. On 
the whole it is claimed that the conditions obtained in the mercantile 
marine have been reproduced as accurately. as is possible on a- small scale 
plant, and, at any rate, sufficiently accurately to yield valuable experi- 
mental results. 

At the end of nine months’ working the.plant was closed down, and 
three tubes of each composition were removed for examination.. They 
were selected from similar positions in each of the four_sections of the 
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condenser, and the positions are indicated in Fig. 13, where the three 
blank spaces in the right part of the figure indicate the positions from 
which the tubes were withdrawn. After removal, the tubes were cut in 
half longitudinally, so that the interior surfaces might be examined. 

Nature of the Scale.—In all cases the tubes were covered with a brown 
layer, which consisted chiefly of ferric oxide; it contained also sodium 
chloride and calcium carbonate, as well as traces of sulphate. This layer 
was loose and easily removed from the tube. Beneath it a rather more 
adherent layer was found. This was greenish in color, and contained 
both copper and zinc in the form of basic chloride and carbonate. In 
places small white spots or particles of zinc oxychloride replaced the green 
layer, and the tube underlying these areas was found to be dezincified. 
In case of the Muntz-metal tube the green layer was notmally absent and 
was replaced by a very thin gray-white layer of zinc oxychloride. Beneath 
the layer of basic salts, a layer of brown or black oxide, strongly adherent 
to the tube, was found in all cases. In no case were any particles of 
graphite found amongst the scale. Evidently such particles as result from 
the dissolution of the cast-iron water-ends are washed away in the stream 
of sea water. ; 


RESULTS OF THE EXAMINATION OF THE TUBES. 
Admiralty Tubes, 70: 29:1. 


Top Tube.—Dezincification in irregularly-shaped spots are areas, mainly 
along the bottom and sides of the tube, but extending for about 8 inches 
on each side of the center. 

Middle Tube.—Dezincification mainly along one side of the tube. Ex- 
tends for about 6 inches from center. 

Bottom Tube—No signs of dezincification. 


Special Brass, 70: 28: 2. 


Top Tube.—Dezincification at sides only. Not very pronounced. Mostly 
near center of tube. 

Middle Tube—A few scattered dezincified spots only. Distribution 
around tube irregular. Mostly near middle. 

Bottom. Tube.—No signs of dezincification. 


Brass, 70: 30. 


Top Tube—Dezincification in spots along bottom and sides of tube, 
extending a considerable distance from the center. 

Middle Tube—lIn spots, mainly along bottom of tube. Interior surface 
of tube uneven and dezincification appears to take place on the raised 
portions. | 

Bottom Tube.—A large dezincified area at top of tube, near center. De- 
zincification extends a few inches from center of tube. 


Muntz Metal, 61: 39. 


Top Tube.—Severe dezincification in spots. In some places dezincifica- 
tion has almost. penetrated through the tube. Especially noticeable along 
sides of tube: Most severe near center. 

Middle Tube-—Numerous dezincified spots. One large area, 2 inches 
from center. Dezincification has penetrated one-third through the tube 
in one or two places. 

Bottom Tube.—A. few small spots at top of tube. _ 

Note.—The formation of a pit appears to take place in the following 
way. The zinc is removed from certain spots in, the tube, and leaves 
behind the copper in a loose, spongy and. rotten form. When dezincifica- 
tion has penetrated. right through the tube, and the copper has lost. its 
backing of unaltered brass, it is quickly worn away mechanically. Me- 
chanical, and to a certain extent chemical, action also removes some of the 
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copper even before dezincification has penetrated right through the tube. 
This is shown by the measurements of the depths to which the coppery 
area is depressed below the general level of the surface. _ 

The most important deductions which the authors consider may be 
drawn from this series of observations are: : : 

1. The Order in which the Tubes Resist Dezincification—The most 
resistant were the 70: 29:1 and the 70: 28:2 tubes. These appear to resist 
the action to about the same extent, and were considerably more resistant 
than the 70:30 brass, which came next in order of merit. The Muntz- 
metal tubes were decidedly the most quickly attacked. 

2. The Importance of Temperature in Corrosion Phenomena.—in all 
cases the attack appeared to be most severe at or near the centers of the 
tubes. Since the steam entered the condensers at the center and no 
baffle-plates were used, the tubes must have been subjected to the highest 
temperatures at their centers. It becomes evident, therefore, that tem- 
perature plays a most important part in determining the distribution of 
the areas of dezincification. 

3. Corrosion is not Confined to the Bottom of the Tubes.—It usually 
occurs in that position, but is by no means confined to it. It frequently 
occurs along the sides, and occasionally along the tops of the tubes. 

4. Graphite Particles cannot be regarded as a Cause of Dezincification. 
—Dezincification can occur independently of the presence of these or any 
other foreign particles. 


CoMPARISON OF THE RESULTS OBTAINED IN THE LABORATORY WorK AND IN 
THE EXPERIMENTAL CONDENSER PLANT. 


The agreement between the two methods of work is’ striking. In both, 
the order in which the tubes resist dezincification at elevated temperatures 
has been found to be precisely the same. It is unfortunate that no strictly 
quantitative expression can be obtained to represent the relative merit of 
the tubes as regards resistance to dezincification. In the case of the ex- 
periment with the condenser plant the authors have been obliged to rely. 
upon mere inspection of the tubes. Nevertheless, there can be no doubt 
that the 70:29:1 and 70:28:2 tubes are more resistant than the 70: 30 
brass, and this more than the Muntz metal. The plainest evidence is 
afforded by the fact that one tube of each of the first two alloys com- 
pletely resisted dezincification, and this indicates their superiority inde- 
pendently of the exact determination of the areas over which dezincifica- 
tion occurs, though, as a matter of fact, the total dezincified areas in these 
two tubes were considerably smaller than in the case of the others. That 
the Muntz metal had suffered most severely was amply shown by the fact 
that dezincification had penetrated more than three-quarters of the way 
through the topmost tube in several places, and one-third of the way 
through the middle tube, whereas in all other types of tube dezincification 
had penetrated much less deeply. ; 

The supreme importance of temperature, which had been clearly indi- 
cated by the laboratory work, was amply confirmed by the large scale 
test. In each of the four sets of three tubes the topmost was the most 
severely attacked, and a study of the details of the construction of the 
condenser will show clearly that the top tube must have been the most 
highly heated of each set. On the other hand, the ‘bottom tubes of each 
set must have been subjected to a distinctly lower temperature than the 
others, and as a result the bottom tubes in two cases have not been at- 
tacked at all, and in the other two cases the attack is less than that in the 
case of the higher tubes. Both sets of tests bring out the fact that the 
locality in which dezincification occurs is not determined by the electro- 
chemical action of carbon or any other foreign particles settling on the - 
tubes. It is due to a chemical action which becomes the more pro- 
nounced as the temperature is raised from the ordinary temperature to 
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50 degrees C., and: probably higher, hope the Admiralty tube must pos- 
sibly be excepted from this statement. This action takes place under con- 
ditions which exclude the possibility of the settling on the tubes of any 
substance not derived directly from the tubes themselves. 

Dezincification appears to.be a phenomenon inherent. in alloys of the 
brass type, and to be more pronounced the higher the percentage of zinc 
in the alloy. It starts at certain points on the tubes and spreads outwards 
from them, till, in time, the whole tube would. become dezincified. 

A distinct relation has been found between the presence of firmly ad- 
herent oxychloride and the spots or areas of dezincification. It has been 
observed in tubes corroded under conditions of practical work, as well as 
in the experimental condenser test. Direct evidence has been obtained jn 
the laboratory as to the evil effect of this substance. The authors believe 
it to be both a result and an accelerating cause of dezincification. 


Section III. 
THe Protection of CoNDENSER TUBES. 


This subject has been but incompletely studied owing fo lack of time, yet 
one’ or two interesting observations have been made which seem to be 
worthy of record here, since to some extent they may serve! as a basis for 
future work. 

The methods in use for the protection of condenser tubes are electro- 
chemical in nature; they depend cither on the use of some metal, such as 
zinc, iron, or aluminum or its alloys, which is electro-positive to brass, and 
which will consequently set up an electrical current when both are con- 
nected together and immersed in sea water; or on the use of a dynamo to 
pass the current to the brass. In principle the two methods are identical 
—namely, that of making brass which it is desired to protect, a cathode at 
which there will be a tendency for the liberation of hydrogen, while oxy- 
gen will tend to be set free at the anode. This anode may consist of any 
of the metals mentioned above. The idea is to concentrate corrosion on 
the anode, which is sacrificed to protect the cathode. 

The metal zinc has been largely employed for anodes, both for the pro- 


tection of boilers and condensers. In the case of the latter, it is placed. 


in the water ends and is securely bolted to the tube plates.) At first sight 
it would appear to be a more suitable metal than iron, since it is more 
electro-positive, but in practice this does not prove to be the case. There 
appear to be two reasons for this. The first is that the zinc gradually 
becomes covered with a fairly adherent layer of oxide, which itself is 
electro-negative to brass, and is a poor conductor of electricity. Thus the 
protective action of the zinc soon ceases, and might even be reversed but 
for the poor conducting properties of the oxide. The second reason is 
that the consumption of zinc is found to be very great—far greater than 
that demanded by the requirements of electro-chemical protection. It 
seems probable that the zinc is subject to auto-corrosion due to the action 
of the zinc-oxychloride which adheres to the metal. 

For the protection of condensers zinc has been largely replaced by iron, 
which is not only cheaper but more efficacious. The ifon is used gen- 
erally in the form of slabs, which are placed'in the water ends of the con- 
denser, and. are attached by bolts to the tube plates. 

If any electro-chemical action is to occur, it is obviously necessary to 
ensure that the connection between the iron slabs and the tube plate be 
thoroughly satisfactory. It is, of course, possible that the mere presence 
of iron ‘slabs in the water ends of a condenser might give rise to a certain 
amount of protection by depriving the water of a large proportion of its 
oxygen, which will go to form rust. If this be so, no special care need 
be taken to ensure satisfactory electrical connections. To test this point 
the following experiments were made: 
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Three pieces of 70:30 brass tube were taken, together with three pieces 
of wrought iron, On to one tube and one piece of iron lengths of copper 
wire were soldered. These were weighed separately; and then the copper 
wires were connected together, so as to ensure good electrical contact, yet 
they could be separated again for weighing’ purposes. The tube and iron 
were then immersed in a beaker containing 114 liters of sea water. One 
of ‘the other pieces of brass tube was weighed, and suspended in another 
beaker at a depth of 2 inches from the surface. At a distance of % inch 
above it a weighed piece of wrought iron was arranged. Thus there was 
no electrical connection between the tube and the iron. The other length 
of tube and iron strip were similarly immersed in a third beaker through 
which a stream of air was kept bubbling. ‘The air was introduced at the 
bottom of the beaker. All the beakers were then placed in a thermostat 
at 50 degrees C. The object of carrying out the experiments at this tem- 
perature instead of at the laboratory temperature, was to ascertain 
whether. electro-chemical protection would prevent selective corrosion, 
which is particularly active at this temperature. At the end of seven and 
fourteen days all the pieces of metal were weighed, and the results are 
given in Table X. . 


TABLE X.—PROTECTION EXPERIMENTS IN SEA WATER AT 50 DEGREES C. 





Immersed in 
yp Minmcntion g Not connected. | Not connected. 
electrically Non-aerated. Aerated. 


oes connected. 





Brass Tron 
and and | Brass. | Iron. | Brass. | Iron. 
wire. | wire. 


Interval. 





Initial weight 

in grammes.....)... 24.1859 | 12.8052 | 21.1220 | 11.6890 | 22.3108 | 10,0216 
Weight after...... 7 days | 24.1859 | 12.5200 | 21.1035 | 11.5816 | 22.2740} 9.8750 
Lossingrammes,|... Ey 0.2852} 0.0185 | 0.1074] 0.0368) 0.1466 
Weight after...... 14 days | 24.1859 | 12.3040 | 21.0910 | 11.4640 | 22.2360| 9.6570 
Total loss in 


grammes......... ns 5s 0.5012} 0.0310] 0.2250! 0.0748! 0.3646 





























_ It will be seen that the tube which was in electrical contact with the 
iron was completely protected, since it shows no loss of weight. The 
surface appeared quite bright and unoxidized, and no sign of pitting could . 
be seen, although experiments described elsewhere in this paper show 
that it occurs normally in seven days at this temperature, On. close ex- 
amination the protected brass tube was found to be covered with a uni- 
form thin transparent layer of some substance which could only be re- 
moved by scraping. The layer was of about the thickness of tissue paper, 
and: proved to c8nsist of calcium carbonate. The rdle of this layer evi- 
dently deserves careful consideration in any discussion on the mechanism 
of protection. 

Neither of the other tubes was completely protected by the iron. The 
general result of the experiments, therefore, confirms the view which is 
generally held that good electrical-connection between the iron and brass 
is necessary for the protection of the latter. The tube suspended in the 
aerated beaker showed severe dezincification on the back and sides, while 
the other tube was ‘slightly attacked at the edges and on a few scattered 
spots on the back. The attack was somewhat less severe than would have 
been expected if there had been no iron in the beaker, but the protection 
afforded by the latter was slight. 
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In the experiments just described the iron was arranged close to the 
brass, so that the conditions were especially favorable for protection. In 
a condenser containing’ tubes 16 feet long, on the other hand, the iron 
slabs, even when used in both water ends must exert a protecting influence 
over a distance of 8 feet of tube, if the protection is to be \effective in the 
middle of the tube. It seems, at first sight, a little difficult to under- 
stand how the protective action of the iron can extend thus far, since, on 
the electro-chemical view, the protection aftorded is proportional to the 
current passed, and the current passing rcund the iron-sea-water-brass 
circuit must be very small, owing to the considerable internal resistance 
of the circuit. Moreover, it seems as if the greater part) of the current 
would pass through the water to the tube plates, and so back to the iron 
through the condenser body; only a minute current would pass through 
Fi water to the tubes, and so back to the iron via the itube plate and 

y. 

- The exact amount of current conveyed to any portion of the tube can 
be readily calculated from the resistance of the sea-water circuit through 
which the current must pass to reach it. The resistance of this circuit 
increases rapidly, and at a distance of 8 feet up the tube-the amount of 
current passing to the last few inches of tube must be extremely small. 
Consequently, it is difficult to see how iron slabs in the water ends can 
protect the middle of the condenser. 

The same difficulty is met with in considering the saiocls of protection 
by a current generated by a dynamo, as in the Cumberland process. Of 
course, in this case a much larger current can be used, and it can be 
increased at will until it is effective, but the authors have been informed 
by Mr. Cumberland that in normal cases 2 ampéres per 1,000 square feet 
of tube surface is sufficient for protection, and where such a small average 
current is used the amount conveyed by the most remote foot of tube will 
be very small. It seems certain that some other factor must operate to 
assist protection. 

To test the matter the following experiment was made: A glass vessel 
of the shape shown in Fig. 19 was obtained and filled with sea water. In 


Fg.19. APPARATUS FOR CURRENT 
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it were placed three lengths of 70:30 tube B, C, D, soldered to leads of 
copper wire, and three of these were connected to a single iron anode, A, 
and a delicate milliammeter was included in the circuit. The arrange- 
ment merely amounts to placing three brass cathodes at three different 
distances from the anode. These distances were % inch, 10 inches, and 
20 inches respectively. A fourth piece of tube, E, was placed in the ap- 
paratus at the point farthest from the iron, that was insulated from the 
other piece D and from the iron, and served as a check. It will be no- 
ticed that the distance of the farthest tube from the iron anode was forty 
times as great as that of the nearest. Its area was twice as great, hence 
the average amount of current conveyed by the farthest cathode was ap- 
proximately one-twentieth of the current conveyed by the nearest. In an 
ordinary condenser, if the protector blocks be situated 4 inches from the 
tube plate and the centers of the tubes be 8 feet away from the tube plate, 
the last 3 inches of the tube will convey, on an average, one twenty-fourth 
of the total current, or approximately the same proportion as in the ex- 
periment now being described. 

At the beginning of the experiment the milliammeter was introduced 
into the main circuit, thus the total current passing to and from the iron 
anode could be measured. - When the circuit was first closed the indicator 
needle gave a slight kick and returned to zero and remained there. If 
the circuit were broken and re-made after a minute or two, the needle 
again showed a slight kick and returned to zero, and the result could be re- 
peated as often as desired. Evidently polarization prevented any current 
flowing continually round the circuit. 

At the end of three weeks the brass tubes were examined. It was found 
that each of the three tubes connected with the iron was covered with a 
thin translucent layer of calcium carbonate. This layer showed a very 
slight pinkish tinge, due, apparently, to the mechanical entanglement of 
particles of ferric oxide which permeated ‘the sea water in the apparatus. 
Underneath the layer the brass was found to be bright and unattacked in 
all three cases. The piece of brass used as a blank was covered with a 
layer of brown oxide such as is ordinarily met with in experiments carried 
out at the ordinary temperature. No layer of calcium carbonate had been 
deposited .upon. its surface. . Evidently the passage of. a current is neces- 
sary for its formation. It seemed to be formed in the following way: 
Immediately the circuit is closed hydrogen ions will pass out of solution 
at the cathode. These ions have been in equilibrium with bicarbonate 
ions in the solution; consequently the bicarbonate ions will break up and 
yield hydrogen and carbonate ions till equilibrium is restored. Owing to 
the low solubility product of CaCOs, this release of COs ions will cause 
the precipitation of CaCO: on the cathode in the neighborhood of which 
reactions are taking place. The layer of calcium carbonate thus formed 
will interpose a large resistance into the circuit, and the current will be 
reduced practically to zero. 

he manner in which iron anodes can afford protection to the tubes 
over great distances from the anodes themselves now becomes evident. 
The greater part of the protecting current passes at first by the shortest 
path, and protects ‘only the parts near the iron anodes. These soon be- 
come covered with a layer of calcium carbonate, which greatly increases 
the resistance of that path; consequently the current passes to more re- 
mote, but bare, portions of the tube, and covers.them-_with the same film. 
The process is repeated, and the protecting layer of calcium carbonate 
creeps gradually along the tube. The extreme distance over which pro- 
tection can be afforded in this manner is conditioned by the relative re- 
sistances of the layer of calcium carbonate and the increased resistance 
of the path of water through which the current must pass to reach the 
more remote parts of the tube. When the latter becomes greater than 
the former the protection will cease. The part played by the film of 
calcium carbonate in electro-chemical protection must be ‘very important. 
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It is effective in preventing both the complete and the selective types of 
corrosion. It even prevents, to a great extent, the initial step towards 
corrosion—viz: oxidation of the metal. The film appears to :be_ hard, 
uniform and adherent, and by no means easily broken mechanically. It 
should be remarked, however, that the experiment in which it was formed 
was carried out in stagnant sea water—.e., under conditions in which me- 
chanical injury was not likely to occur. It deserves to be repeated in 
running sea water. The question may fairly be asked, how can corrosion 
ever occur when iron slabs or an external current are used for protection? 
The answer is that it can occur apparently in several ways: 

1. By the breakdown in the electrical connections between the slabs and 
the tube plates, and this may occur by the oxidation of the bolts, nuts, &c. 

2. By mechanical injury to the layer of calcium carbonate caused by 
iron doanitig rods, passage of sharp particles through the tube, &c. 

3. By the failure of the calcium carbonate to adhere firmly to the tube, 
especially if the latter has first undergone slight oxidation and corrosion. 

he precise conditions under which this film can be formed and main- 

tained deserve further study. 


GENERAL SUMMARY OF EXPERIMENTAL Work. 


All the conclusions ‘abulated below are based on experiments carried out 
with natural sea water and ordinary condenser tubes of commerce. 

1, The alloys examined corroded in two distinctly different ways, one of 
which is characteristic of ordinary atmospheric temperatures—termed 
“complete corrosion”’—and the other of temperatures slightly elevated— 
termed “ selective corrosion.” 

2. Selective corrosion, which results in dezincification and pitting, and 
is therefore the cause of the practical problem, must be regarded as an 
inherent property of the alloys examined, provided that sea water and the 
requisite temperature conditions are present. | 

3. The influences of a number of the deposits and particles hitherto 
supposed to be the causes of dezincification have been shown to be un- 
important. 

4. The influence of the juxtaposition of two phases in the alloys exam- 
ined was found to be unimportant. 

5. The order in which the alloys resisted complete corrosion was dif- 
ferent from that in which they resisted selective corrosion. Hence the re- 
sistance to selective corrosion cannot be deduced from observations on the 
resistance to complete corrosion at the ordinary temperature. 

6. The results of the experiments with the model condenser plant con- 
firmed the results obtained in the laboratory experiments. 

7. Preliminary observations have been made upon the mode of action 
of electro-chemical protection, and attention has been oer to the depo- 
sition of calcium-carbonate scale on protected tubes. 


SoME OBSERVATIONS ON THE PRACTICAL PROBLEM. 


It has become clear from the experimental work previously described 
that dezincification followed by pitting is a phenomenon inherent in brass 
alloys. of the type discussed. > 

The conditions for its appearance are the presence of certain kinds of 
water, of which natural sea water was one, and of a. certain temperature. 
The physical state of the surface of the alloy may have some. influence in 
determining the exact points at which the action starts, but merely assists 
a tendency which is characteristic of the alloy. The action once started 
will spread throughout the alloy. Dezincification may be prevented, or at 
least. postponed, by four different. methods: 

1. By using a suitable water supply. 

2. By using an alloy different from brass. 

3. By adjustment of the temperature conditions when brass is used, 

4. By electro-chemical protection. 
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In the mercantile marine Method 1 can never be employed, and it can 
rarely be used even in land installation. Moreover, there is as yet no 
precise information as to the kinds of water which will not give rise to 
dezincification. As regards Method 2 very little information is at present 
available. An obvious suggestion is to lower the amount of zinc present 
in the alloy, and thus to diminish the tendency towards dezincification. 
As to how far, if at all, the elimination of zinc could be usefully carried, 
the authors cannot make any definite statement. It is, however, certain 
that a complete removal of zinc would give rise to serious trouble of 
another kind. Possibly there may be some alloy intermediate between 
70: 30 brass and pure copper which would be more resistable to corrosion 
than either, though whether it could be satisfactorily drawn into tubes is 
another matter. Probably manufacturers have already experimented pri- 
vately along these lines, and information on the subject would be wel- 
comed. : 

A number of alloys which contain no zinc suggest themselves as suitable 
for the manufacture of condenser tubes. Phosphor-bronze has been pro- 
posed on a number of occasions. It can be drawn into tubes of good 
quality, and at first sight would appear to be an excellent material for the 
purpose. Under certain conditions, however, it appears to be subject to a 
peculiar and deeply penetrating form of complete corrosion, the cause of 
which has not yet been ascertained by the authors, and the phenomenon 
of “detinning” has also been observed. More work upon this alloy is 
desirable before it can be recommended for use. A copper-nickel alloy 
produced on a large scale in America, and known as “monel metal,” has 
been used for condenser tubes. It appears to give satisfactory results 
as far as resistance to corrosion is concerned, but its high price has 
prevented its extended use. The work of Carpenter and Edwards would 
suggest the use of a copper-aluminum alloy if it could be easily and 
cheaply drawn into tubes, but the authors have never had an opportunity 
of experimenting with tubes of such material. 

As regards the immediate future, and pending future investigations on 
different types of alloy, the best means at the disposal of engineers for 
hindering corrosion appear to be: 

1. The entire abandonment of the use of plain 70:30 brass and its re- 
placement by either the Admiralty alloy, 70:29:1 (tin), or Muntz’s 
special brass, 70: 28:2 (lead). 

2. Careful control of the temperature in condensers. 

3. The extended use of electro-chemical protection. 

As regards 1, ample evidence will be found in the experimental section 
of this report, and the matter needs no further emphasis here. As re- 
gards 2, the authors consider that the importance of temperature in de- 
termining the nature of the corrosive attack on brass by sea water has © 
not received from engineers the attention it deserves. 

In practice the most important factor which influences the temperature 
in a condenser is the amount of steam admitted to it. This may be con- 
veniently stated as the number of pounds of steam condensed per hour 
per square foot of tube area. Inquiries have been made by the authors 
as to the average amount condensed in ordinary practice, but they find 
that engineers are rarely able to state the amount, though they can usually 
state the amount of steam the condenser was originally constructed to 
deal with, a somewhat different matter. 

In the authors’ work with the experimental condenser the temperature 
of the outlet water rose to 40 degrees C. in hot weather, when only 5 
— of steam were being condensed per square foot of tube surface. 

he temperature of the hottest part of the tube rose under the same cir- 
cumstances to 55 degrees C. Even in cold weather the temperature of 
the hottest part of the tube approached 40 degrees C., which is in the 


danger zone. The temperature of the outlet water was then almost 25 
degrees C. 
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The table given before shows that the temperature of the outlet water 
of ships trading to the Tropics averaged about 42 degrees C., and of other 
ships about 36 degrees C. It is probable, therefore, that the temperature 
conditions in the experimental plant were somewhat less severe than in 
the condensers of ships in the Atlantic and cross-Channel trades. It is 
particularly noticeable that in case No. 12 of the table, 100 per cent. of the 
tubes failed in four years, and the temperature of the outlet water was in 
this case the highest recorded. 

In the tables the temperatures of the outlet water vary from 68 degrees 
F. to 130 degrees F. Part of this variation is, of course, due to variations 
in the temperature of the intake water, but part is due to conditions which 
can be controlled. The temperature of the water in a condenser can be 
kept down in the following ways: 

1. By limiting the amount of steam condensed. 

2. By shortening the path of the water through the condenser. 

3. By increasing the speed of the water. 

4. By preventing choking of the tubes, either by fitting screens or filters, 
or by frequent cleaning. 

As regards 1, the amount of steam tondensed has been considered hith- 
erto from the point of view of engine efficiency and space economy, and 
not at all from the corrosion standpoint. Nevertheless, it is a fact that, 
within the practical limits of temperatures,* the greater the amount of 
steam condensed the greater will be the tendency to selective corrosion, and 
if the condenser be really overloaded this form of corrosion may 
extremely rapid. ; 

The effect of temperature has been completely masked in recent years 
because of the peculiar distribution of temperatures in condensers arising 
from the use of baffle-plates. When these are used the hottest part of a 
tube is not necessarily the middle of its length, but may be almost any 
part between the middle and the last foot or two. Its position will be de- 
termined by the size of the baffle plates and the velocity of the steam en- 
tering the condenser. 

The.explanation of the extremely long life of the tubes in a Yarmouth 
trawler, to which.reference has already been made, is probably due to the 
fact that the vessel was normally under easy steaming conditions, and 
consequently the amount of steam condensed per square foot of tube sur- 
face was very small, and the temperature in the condenser low. 

As regards 2, the practice of dividing a condenser into two “nests” is a 
distinct-aid to corrosion. As the water passes through the lower nest it 
becomes heated, and consequently the top nest is supplied with water that 
it already warm and will become still more highly heated. From the cor- 
rosion point of view, it would be preferable to introduce a separate water 
inlet and outlet to each nest of the condenser, and to discontinue the 
practice of building them in nests (especially since the condensing efficiency 
of the tubes in the lower nest is small). 

As regards 3, inquiries have shown that the speeds of water through 
the condensers in the mercantile marine vary between 240 feet and 360 
feet per minute. The average for all the figures obtained is about 290 
feet per minute. The speed of the water used in the experimental plant 
was about 275 feet per minute. The faster the speed of the water in the 
condenser the lower the temperature, other things being equal, and the less 
the liability to the choking of tubes. In the authors’ opinion the speed 
should be kept up at least to the highest figure mentioned above, and it 
might be worth while to try still higher speeds. 

_ Inquiries made by the authors have shown that choked tubes are some- 
times severely corroded, and sometimes not at all. If a choked tube be 
found in the bottom pari-of the condenser working normally it will not 





*It is probable that at high temperatures the speed of selective corrosion falls off 
again, and finally becomes zero, but these temperatures are’ almost certainly too high 
for effective steam condensation to. take’ place. 
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usually be corroded, since its temperature, even in this case, is still low; if, 
however, the condenser is being overloaded, as shown by the high tem- 
perature of the outlet water, it may be severely corroded. If a choked 
tube be found in the top part, however, it will usually show severe de- 
zincification, owing to the high temperature to which it has been heated. 
Hitherto the corresion of choked tubes has been attributed to the electro- 
chemical action of particles, more particular! of carbon, but this view has 
now been clearly sliown to be untenable.— “Engineering” 


AIR IN CONDENSERS. 
By H. ForHercit1, 


Synopsis.—An analysis of the various ways in which air may get into 
condensers, preventing the maintenance of high vacuums, and suggested 
remedies, 

While every engineer knows that air in a condenser is antagonistic 
to a high vacuum and high condensing efficiency, few realize the import- 
ace of it. The question of air in a condenser. is not so vital to the re- 
ciprocating engine, but with the steam turbine, in which advantage is 
taken of the heat units in the steam at lower pressures, to obtain such 
low pressure, or more generally called high vacuum, entry of air must be 
minimized. 








Fic. 2. 
Test FoR PERCENTAGE oF AIR IN WATER. 


To analyze the matter thoroughly it will be necessary to consider 
separately every way by which air can ‘enter the system and ultimately 
reach the condenser so as to impair the vacuum. Beginning at the source 
of steam supply, the amount of air which enters a boiler depends upon 
the amount in solution in the feed water plus the amount added by the 
feed pump. The air in solution in the feed water varies considerably and 
depends upon the nature of the source of the feed makeup, and the 
means for discharging the water of condensation from the condenser, 
which. latter question will be dealt with later. 

Feed makeup water, supplied from fresh-water tanks or water mains, 
is aérated from approximately 3 to 3% per cent. of its volume, but it 














NOTES. 747 


is easy to test the percentage of air in a feed water. The apparatus 


necessary, Figs. 1 and 2, consists’ of a flask connected to an imverted 
graduated jar, by a pipe, the jar being placed in a vessel in which the 
water is kept'cool by any convenient means. The flask should be entirely 
filled with the sample of ‘ced water and the glass jar also filled with water, 
as in Fig. 1; the wate: .. the jar is preferably deaérated. Next heat is 
applied to the flask, as in Fig. 2, and boiling continued until the bubbles 
cease to rise, when th. r and beaker should be allowed to:cool to the 
same temperature as at starting before taking any readings: The weight 
of the feed water from which the air has been driven off should be 
ascertained before commencing the experiment, so that the volume can 
be found. The volume of the air driven off is known by measuring 
the contents occupied by the air in the inverted jar; the percentage of air 
to the water by volume is equal to the volume of air driven off multi- 
plied by 100, divided by the volume of water. 

The amount of air added by a feed pump depends largely on the type 
of pump employed. With the old-fashioned, continuous-running, single- 
acting plunger pump, the air passed through a maximum, because the suc- 
tion pipe of the pump may often be open to the atmosphere. But in modern 














Fic.. 3.—FLoat-ContrRoLLED Boiler-FEEp Pump. 
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feed pumps which are independently driven and have their action float- 
controlled so that the pump speed corresponds to the quantity of water 
to be dealt with, the suction inlet to the pump is always under water, 
and, therefore, the least air passes through, such air as does pass through 
being in solution in the water. Fig. 3 illustrates a convenient float-con- 
trolled boiler-feed pump. The tank from which the water is taken is 
immediately in front of the pumps and contains the float-controlling 
gear which is connected to the steam-supply valve by the balanced lever 
at the right side of the tank and the vertical rod. Whenever the water 
level in the tank falls below a predetermined limit the steam supply: to 
the pumps is reduced or cut off, 
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As the liberation of air from the feed water is greatest when the 
water approaches the boiling point, it is desirable that an air-liberating 
device be combined with a feed-water heater through which the water 
passes before entering the boilers and thus prevent as far as possible 
the admission of air with the feed water. 

Fig. 4 shows a good combined heater and air extractor in which steam 
enters the central supporting pipe and, after passing through the distribut- 
ing chamber, flows down through the double coils. The condensed water 
from the coils is discharged into a hotwell or feed tank. The feed water 
is heated by contact with coils of gradually increasing temperature, and 
finally passes through the central discharging tube where it is in contact 
with the inlet steam pipe, the surface of which is of maximum tem- 
perature. The feed water on its upward course through the heater is 
rapidly raised in temperature, and on passing through the contracted 
area at the edge of the inverted cone, its upward velocity is so increased 
that the air bubbles are carried to the surface of the water in the dome 
where they are liberated and accumulate until the water level is forced 
downward enough for the float in the chamber connected to the heater 
to fall and open the air-discharge valve at the top. 

Most generating stations have a float-controlled feed pump, or an air- 
collecting and discharging feed heater, and sometimes both; so that little 
air enters a boiler with the feed water and thence passes with the steam 
into the condenser. 

Investigation has shown that nearly all the air which enters a con- 
denser is due to the leakage of joints and glands subjected to pressure 
less than that of the atmosphere. 

Minimum air leakage is experienced when the steam-condensing and 
power-producing aparatus consists of a steam turbine having tight glands, 
few and accessible joints, and the connections to the condenser water 
sealed. Maximum air leakage is usually found in reciprocating engines, 
where numerous glands are subjected to a pressure lower than the 
atmosphere, and where auxiliary engines exhaust into the main condenser. 
In such plants the actual loss of power on the main unit by air leaking 
into the condenser through the auxiliary engines, is so great that it may 
exceed their total power, and, therefore, the auxiliary engines should 
exhaust into a separate condenser at atmospheric pressure or into an 
exhaust-steam feed-water heater. This possible loss in power on the 
main unit is caused entirely by the air drowning of the tubes in the con- 
denser, which results in a reduced rate of condensation and a less perfect 
vacuum, 

If a condenser could be had containing no air, the ideal condensing 
possibilities would be realized and the condensation of steam under vacuum 
would be very simple, as the heat transfer through the tubes from the 
steam to the circulating water would be at a maximum for given con- 
ditions, thus producing the lowest temperature possible under such cir- 
cumstances. Moreover, in the absence of air, the temperature throughout 
the condenser would be approximately the same, and no air pump or air- 
withdrawing device would be required. However, air being always 
present, it is necessary to consider how to keep the ratio of air in the 
condenser at a minimum. 

Normally, when a condenser is under load, the air entering and leaving 
it in a given time is the same; but the ratio of air to steam in different 
parts of the condenser varies greatly. For instance, at the exhaust-steam 
inlet of a reasonably air-tight system the air to steam is so small that its 
effect is almost negligible. As the vapor passes through the condenser 
and the steam condenses, the percentage of air increases rapidly, until 
at the air-pump suction the air forms a very considerable proportion of 
the mixture. The weight of air in a condenser does not depend entirely 
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on the. capacity of the air pump, but to a.very large extent on the design 
of the condenser. The high surface efficiency in all. modern condensers 
is. largely: due to the absence of idle corners. or pockets which would 
soon fill up. with the air hanging around the tubes, as the transfer of heat 
and rate of condensation in such idle parts would be: reduced to a 
minimum. 

Another very important feature, which has .only recently been em- 
phasized and brought to the notice of engineers.by D. B. Morison, is that 
the steam passing through the condenser should be so directed and 
guided that its kinetic energy is-utilized in driving the air onward toward 
the air outlet. This feature, with others, forms the basic principle of the 
new Contraflo Kinetic Condenser, the. patents for which are owned by 
the Contraflo Condenser & Kinetic Air Pump Co., Ltd., of London. 
This condenser is of simple construction, as will be seen from Fig. 5/ 
which illustrates a popular design now put forward. 








Fic. 5.—ContTRAFLO CoNEZNSER. 


The reasons which prompted this particular design were as follows: 
Experiment had shown that condensing efficiency is promoted in a surface 
condenser when the aérated steam is caused to pass over the condensing 
surface in a continuous current having uniform distribution and uniform 
direction of flow toward the outlet from the condensing chamber. It was 
known from previous experience that the insulation effect of the air pa‘- 
ticles which impinge on the tubes at the steam entry is prejudicial to con- 
densing efficiency, while at the exit the air density may be such as to 
render the tube surface practically inoperative for condensing vapor. 
Further, the fact was borne in mind that steam enters a condenser, as, 
for example, from. a steam turbine, at a velocity of about 500 feet per 
second, and that at this velocity the kinetic energy of flow is consid- 
erable. As a.consequence it was decided to direct the incoming steam by 
plates so as.to. pass over the condensing surface in a direction to pro- 
mote stream lines of steam flow vertically or obliquely downward toward 
the air outlet. Thus.the eddying of air particles in their passage through 
the condensing chamber is prevented and the kinetic energy of steam 
flow.is. utilized for, as it were, compressing the air into the air outlet and so 
assisting the air pump to withdraw the air from the condenser. 
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When water of condensation is withdrawn from a condenser with the - 


air as by an air pump, it becomes highly aérated, but when withdrawn 
separately, it may be removed in a state of minimum aération and delivered 
direct to the feed tank or feed pump. 

















Fic. 6.—D1acGRAMMATIC ARRANGEMENT OF Two-StacE Pump DiscHARGING 
CONDENSATE To “TANK. 


Fig. 6 shows a rotary water-expelling device which is now being largely 
used in England. The apparatus consists of two pumps, the first or head 
pump discharging into a receiver that is connected to the second or 
pressure pump. This receiver is also connected to the condenser so as 
to provide a free escape for any air that may be carried into the re- 
ceiver in suspension in the water. It will also be noticed that the discharge 
from the first pump is in the diréction of the suction inlet to the second 
pump, so that the kinetic energy of the water discharged by the head 
pump assists its flow into the pressure pump. Before head and pressure 
pumps were adopted, removing ‘the water from a condenser by ‘a centrif- 
ugal pump required placing the pump some distance below the condenser 
to produce such a head on its suction side as would insure its satisfactory 
working. In the head-and-pressure-pump system the pumps may be pfac- 
tically on a level with the ‘bottom of the condenser, ‘the first pump 
producing the artificial ‘head on the suction side of the second pump, 
thus avoiding need of room befow the condenser, which often is not 
available, especially on shipboard. 

While describing this rotary system of water withdrawal reference 
may be made to the Kinetic air pump with which such excellent results 
have recently been obtaned. Fig 7 shows the system diagrammatically 
and Fig. 8 the, Kinetic air pump combined with the head and pressure 
pumps. In ‘Fig. 8 the head and pressure pump A driven by the steam 
turbine, B, is ~emoving the water fromthe condenser, This water— 
the boiler feed—is delivered ‘into the tank! C, from which it is withdrawn 
by the Kinetic pump D and is redeliverec) into the tank :through the nozzles 
at E.. The arrangement at E is the Kinetic ejector and is best seen in 
section in Fig. 7, Its function is to take hold of the mixture of steam 
and air coming.from the ejector.steam jet F and pass it into.the tank.C. 
The supply for che. steam jet Fis the exhaust from. the turbine.B, and 
as this steam is condensed by the.feed water passing through the water 
ejector E, the whole of the heat in the system is conserved in the-feed 
water and can be returned to the boiler. 
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Fic. 7.—D1AGRAMMATIC ARRANGEMENT oF Kinetic Air Ejector For HicH 
Vacuum. 





Fic. 8.—DiacraAMMATIC ARRANGEM 


Several large installations based on the Contraflo Kinetic principles 
are under construction, including a large plant for Chicago, which has 
an overload capacity of 25,000 kw. 

From the foregoing it will» be seen that the question of air in high- 
vacuum surface condensers is one that must be considered by every en- 
gineer, whether he be designing or superintending the running of a steam- 
condensing plant.—‘ Power.” 


THE PREPARATION OF STEEL SECTIONS. 
On a Method of Preparing Sections of Fractures of Steel for Microscopic - 
Examination.* 


By Atrrep CAmpion, F.I.C. (Professor of ——? in the Royal Tech- 
nical College, Glasgow), and Jonn M. Fercuson, A.R.T.C. (Glasgow). 


In investigations relating to the breakdown of metals under stresses, 
however they may be applied, it is now recognized that the examination 
of the fracture, or of a section through the fracture, is often of the great- 
est importance. In many cases it is necessary to examine a section cut 
through the fracture of the material; in order to determine the manner in 


* Paper submitted to the Iron and Steel Institute at Brussels, September 2, 1913. 























Fic. I1.—POLISHED BUT UNETCHED. FIG. 2.—SECTION THROUGH TEN- 





SHOWING JUNCTIONS BETWEEN SILE FRACTURE OF STEEL 
STEEL AND ALLOY. MAGNIFIED PLATE TEST PIECE. MAGNI- 
150 DIAMETERS. FIED 150 DIAMETERS. 








F1G. 3.—SECTION THROUGH FRAC- FIG. 4.—SECTION THROUGH FRAC- 
TURE OF TENSILE IMPACT TEST TURE OF REPEATED IMPACT 
PIECE. MAGNIFIED 150 DIAM-— (STANTON) TEST PIECE. Mac- 
ETERS. NIFIED 150 DIAMETERS. 





FIG. 5.—SECTION THROUGH FRAC- 
TURE OF REPEATED BENDING 
(SANKEY) TEST PIECE. Mac- 
NIFIED 150 DIAMETERS. 
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which rupture has taken place, before deciding upon the suitability or 
otherwise of material for a particular purpose. 
- As is well known, steel that has shown excellent results as regards 
tenacity and ductility in an ordinary static test, frequently fails under a 
load much below the maximum stress, or indeed the yield stress of the 
metal as shown by the usual tensile test; such material under impact or 
dynamic stress, breaks suddenly, and appears tobe very brittle. In such 
cases an examination of a section through the fracture often reveals the 
reason for such apparently extraordinary behavior of the material. 

Rosenhain} has shown the importance of a knowledge of the manner 
in which fracture takes place, in metals and alloys, and its bearing upon 
engineering and other problems. He has also demonstrated how dif- 
ferently the same material may behave when submitted to variously ap- 
plied stresses. The preparation of sections of fractures for microscopical 
examination, especially of soft and ductile materials, presents considerable 
difficulty, as during the polishing operations the edges of the fracture be- 
come more or less rounded or worn away, and the true nature of the 
fracture is not discernible. In order to overcome this difficulty Rosenhain 
employed an ingenious method of embedding the fracture in copper, and 
then cutting through the copper and steel in the desired direction, much 
in the same way that the biologist embeds his specimens in wax before 
sectioning. This method of depositing copper (or iron) electrolytically 
gives excellent results, and is quite satisfactory where comparatively few . 
specimens have to be examined, or where no great hurry is necessary. It 
requires, however, strict attention to details, and it takes a considerable } 
time to obtain a deposit one-eighth of an inch in thickness. There are *} 
many occasions when an examination of a section through a fractured 
test piece would be of immense value, provided that it could be made 
easily and quickly, 

The authors recently had occasion to examine a very large number of 
fractures of static and impact tensile and other test pieces. The time at 
their disposal was, however, too short to allow of their being prepared 
by. the. Rosenhain. method of electrolytically depositing copper or iron, 
and they were led to consider the possibility of other methods. It oc- 
curred to one of them that it migat be possible to cast an easily fusible 
alloy around the fractured end of the test bar and then section and polish. 

The conditions to be satisfied appeared to be— a 

1. The alloy must be. of such a nature that it would readily penetrate 
into and fill up the minute fissures in the fracture. 

2. The alloy must be sufficiently hard and strong to support the edges 
of the fracture during polishing. 

3. The alloy must melt at a low temperature, so, that no alteration of 
the structure of the material would be produced. 

4. The alloy must adhere closely and strongly to the specimen, and not 
be torn away from it during the operations of grinding and polishing. 

5. The alloy must exert no chemical or other action on the edges of the 
specimen. 

6. The alloy must be of such a nature that the edges of the fracture 
would show up sharply and clearly even after fairly strong etching. 

Experiments were carried out with a number of alloys, and eventually 
two were found that fulfilled the above conditions in a marked degree. 
‘The composition of the alloys was as follows: 





. Alloy A. ; Alloy B. ak 
EAOMDISED + 557500: <5 nue:slb-anecoseains bi aiaie 50. parts _ 50 parts i 
MONE: nk vcnen sramseiectevatle (ie ie 30 parts 30 parts at 
Bitten aan cnekat adhesions 25 parts 10 parts a 
Zinc Rete caren anna de: 14s eas 3 parts «» parts : 
ROMO os cece tcave. cpio wiiioh sian .. parts 10 parts 


A, — of the Iron and Steel’ Institute, 1904; “ Engineering,” September 9 and 
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Both alloys melt at temperatures below the boiling point of water, the 
melting point of B being about 25 degrees C. less than that of A. As a 
result of a large number of trials the alloy A was found to be the better 
He general work. ‘The method adopted in preparing the sections was as 
ollows: 

The fractured test piece was dipped momentarily in hydrochloric acid 
of 1.1 specific gravity, and then in a solution of chloride of-zinc (the or- 
dinary “killed spirits” of the tinman) prepared by adding zinc to strong 
hydrochloric acid until no further action ‘takes place, and then diluting 
with an equal volume ‘of water. The end of the specimen was then 
plunged into a quantity of the alloy at such a temperature as just to keep 
it molten, and contained in a small, deep, narrow mold or crucible. The 
cold specimen usually somewhat chilled the alloy and caused partial 
solidification. It was therefore found advisable to remelt the alloy by 
gently warming the mold or crucible so as to allow of the escape of any 
air which might have been trapped, and:also to ensure perfect adherence 
between the alloy and the steel. The latter being lighter than the alloy, 
the specimen’ must be weighted or held down in the molten alloy to the 
necessary depth until: solidification takes place. When cold, sections may 
be cut in any desired direction by means of a fine saw. Polishing can 
then be carried out in the usual manner. 

A ‘few micrographs of fractures prepared by this method are given 
above in order to show the results obtained. 

Fig. 1 shows a ‘section of a tensile impact fracture of soft steel em- 
bedded’ in the alloy, polished, but unetched. It shows the junction of 
steel and alloy. Figs. 2, 3, 4 and 5 are micrographs of etched sections of 
static tensile, impact tensile, repeated transverse es (Stanton), and 
repeated bending (Sankey) test pieces respectively. The magnification is 
150 diameters in all cases. 

The authors claim no advantage for this method over the Rosenhain 
method of deposition, except that it is very much quicker. A section may 
be prepared and a photograph obtained in ‘about thirty minutes. The 
authors hope that the method may be of interest to those who, like them- 
selves, may wish to examine large numbers of specimens, but whose time 
is limited.—“ Engineering.” 


DEVELOPMENTS IN BATTLESHIP DESIGN. 


The warship Queen Elizabeth, which was launched October 16, at 
Portsmouth Dockyard, is difficult to class, because she has the offensive 
and defensive qualities of a ship of the line in association with a,speed 
which justifies her classification as a battle cruiser. Indeed, the First 
Lord of the Admiralty, in referring to her in his program speech in the 
House of Commons, indicated that the four vessels of the type which 
are being built will constitute a separate squadron of great power and 
speed, and from this it.is assumed that, in the Admiralty’s scheme of 
strategy and tactics, they will be constituted a_battle-cruiser.squadron. 
They. are the. most powerful ships which have reached. the launching 
stage, and although they are outclassed in size, and possibly.also. in 
fighting strength, by ships projected by some other Powers, notably by 
the United States and France, it remains to be seen whether the designs 
now under consideration in these countries will materialize. “The Queen 
Elizabeth will, when completed, have a displacement, under normal con- 
ditions, of 27,500 tons, which is practically 10,000 tons more than the 
Dreadnought. of seven years ago; but in America the Navy Board has 
submitted to Congress proposals for a ship of 38,600 tons, and in France 
the authorities ate preparing plans. for.-a! vessel: of 32,000: tons, But,’ as 
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the American ship: is estimated to: cost; when! completed, £4;144,000, there 
is room for doubt whether the expenditure of such a large sum: of, money 
on one vessel is: completely justified. -: The final estimate. of the: cost of 
the Queen Elizabeth is not yet available, but. there is every probability 
that it will. approximate to 2% million sterling. It-:is, at least, signifi- 
cant that the British authorities hhave.not-sought for the same high speed 
in the later ships now being laid down, ‘so that their hull is not so long, 
and, consequently, there is not :the same great. expense involved :in armor 
protection. No change; however, is: made: in: the armament or in the 
effectiveness of the protection for the smaller: ship, but the displacement 
tonnage is reduced to 25,750 tons—a decrease of 1,750 tons, 

The Queen Elizabeth, it is understood, will steam at 25 knots, which is 
from two or three miles per hour faster than any existing battleship. 
The length between perpendiculars has consequently had to be. made 600 
feet. This is due to the great length of ‘the ship required for the 
machinery to propel the vessel at the: speed named; for, although the 
boilers are to be worked under oil fuel only, and are consequently to give 
an increased volume of steam per unit of weight, they» still require a 
very considerable area. Increased length is; of course, also involved ‘in 
the bigger magazines, to: accommodate the projectiles: and. propellant 
powders for :the large caliber guns fitted: There has been a continuous 
advance in the displacement of the British capital ships, The: Dreadnought 
of 1906 had a length of 490 feet and a displacement of’ 17,900 tons.» This 
steadily increased until the Orion was: launched in 1910, of545. feet long 
and 22,500 tons displacement. The King George V, of the following year, 
was 10 feet longer and of 500 tons more: displacement; The Marlboroughs, 
launched in. 1912, were 580 feet in length and of 25,000. tons displace- 
ment; and now the Queen Elizabeth is 600 feet long, with, a displacement 
of :27,500 tons. The beam: has increased in: almost: the. same proportion, 
and the breadth of the vessel: launched: yesterday is; 90 feet-:6 inches. 
Throughout, however, ‘it’ has. been found :necessary: to «minimize the 
draught: as far as possible; and thus, under normal conditions, the Queen 
Elizabeth draws 28 feet 9 inches, whereas in the: earlier ships the draught 
was between 27 feet and 28% feet. The ships ordered this year are: 580 
feet in length, with a displacement of 25;750' tons. 

Practically all the Powers have followed. usin this: increase in: the 
size of ships, and most are building battleships, of greater tonnage’ than 
the Queen Elizabeth, while’ all .seem’ to :desire: to outdistance us ‘in size. 
Thus the vessels being built at the present time for the United :States 
Navy—the Pennsylvania class—one of which is building at Newport News 
and the other at New York Arsenal,’ will have a length of 600. feet :and 
a displacement of 31,400 tons gross; but the proposal:is to: make the dimen- 
sions of the ship proposed to be laid down this year 750 feet in length, 
100. feet in: beam, the: displacement being 38,600 tons at! 28 feet 6 inches 
draught.’ The vessel: most recently: Jaunched ‘for the French Navy, the 
Loraine, has a length: of 546 feet:.and)a: displacement of 23,600 tons. 
The vessels last !orderedthose:.of the Normandie: class—are 574 feet 
3 inches long and of 24,800: tons. There are under consideration at the 
present time two designs—one for a vessel of 557 feet 9 inches in length, 
and the other for a vessel of 590 feet 6 inches in léngth; their respective 
tonnage displacement being: '27,000:- and’ 32,000 metric::tons. «The » latest 
German battleships in progress are of 27,000 tons ;displacement, but no 
information is available as’ to future intentions. Japan: has four vessels 
in course of construction of 31,500 tons.’ The new Russian ships now 
building; two at. the ‘Baltic: works’ and’ two:at:the Admiralty -works,' are 
of 32,000 tons displacement. The most recently completed Italian ships 
are 550 feet in length and of 19,400: tons, but: larger ae are being ‘laid 
down.’ The four: Austro-Hungarian: ships: now: being) laid :down will 
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closely resemble the British ships of the Queen Elizabeth class. It will 
thus be seen that all the irst-class Powers are projecting ships which will 
considerably exceed the Queen Elizabeth in displacement tonnage. 

It becomes interesting to examine the offensive power of these respec- 
tive ships, consequent to their greater tonnage. The Queen Elizabeth 
is the first to be floated of the vessels with 15-inch guns. Of these weapons, 
eight will be fitted in pairs in four barbettes on the center line, No. 2 
turret rising at a higher level than No. 1, and No. 3 to a higher level than 
No. 4, so that four may fire ahead and four astern, and all may be trained 
on either broadside. This is the arrangement adopted in all our battle 
cruisers, and this fact, as well as the high speed, justifies the view that 
the Queen Ejilzabeth is to used as a ship of this type; but she is much more 
effectively protected than earlier battle cruisers, the armor being of 
much greater thickness. Britain led the way also in the adoption of the 
13.5-inch gun, and other Powers are following us in their ships now in 
progress, while some are out-distancing the step taken in the four ships 
of the Queen Elizabeth type. But it is necessary, in making comparison, 
to consider the length and weight of the projectiles used. Without defi- 
nite knowledge on this point it would be a mistake to attach too much 
importance to the caliber of the gun. Another point has reference to 
the length of the weapons. In some cases the figure given includes the 
chamber as well as the bore, whereas in the British classification this is 
not the case. Indeed, it is doubtful if there is much difference in effec- 
tive energy between the 14-inch and 15-inch guns; but the lower velocity 
of the latter gun, for a given striking energy, conduces to longer life, 
while the larger diameter shell assists towards destruction after perfora- 
tion. We continue to adopt the double-gun barbette system, and this ‘is 
also the case: with Japan and Germany, while Russia, the United States, 
Italy and Austria-Hungary are fitting triple-gun turrets, although the last- 
named are reverting to two-gun turrets in their later vessels, and France 
is introducing four-gun turrets in her newer ships. The objection taken 
to fitting three or four guns in each barbette is the concentration in 
a short length of the ship of so much. of its offensive power, as it is 
more liable to be disabled. Against this, there is gain in weight and also 
in the reduction of the length of the ship for a given fighting efficiency. 

In: the ships now in progress for the United States Navy. twelve guns 
of 14-inch bore are being fitted. In this case the four barbettes will each 
have three guns, and the position of these will correspond to those in the 
Queen Elizabeth. The United States authorities in the 38,600-ton ships, 
now under consideration, propose to adopt the same arrangement of 
turrets, each with three guns of 14-inch bore. The French authorities 
are fitting in the Normandie class twelve 13.4-inch guns, but in this case 
there will be three turrets each with four guns. All of these are in the 
center line of the ship. The central turret is amidships and the guns 
cannot be used for direct ahead or astern fire, although they have a 
wide arc of training. It is now proposed,:in the new designs to which 
we have already referred, to fit 15-inch guns, also four’ in each bar- 
bette: In the 27,500-ton ship there will be two such turrets, and in the 
82,000-ton «ships. three such turrets, the number of guns respectively being 
eight and twelve. The Japanese are fitting twelve guns of 14-inch caliber 
in the ships now in progress. ‘The Austro-Hungarians, in the ships which 
have recently been passed into commission, adopt twelve guns in four 
turrets, with three guns each, disposed as in the Queen Elizabeth; but in 
their later ships they are adopting the Queen Elizabeth arrangement with 
eight guns of 15-inch caliber. The Italian. ships having a displacement 
of 19,400 tons, now being put into commission, have twelve 12-inch guns 
in four turrets, each with three. guns. They are all in the center’ line, 
but are arranged somewhat after the design of our earlier battle cruisers, 
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one triple-gun turret being forward and one aft, with two in the center 
line amidships, to fire on either broadside, and with a considerable degree 
of training before and abaft the beam on the port and starboard sides. 
In the later ships, however, the Italians are fitting 15-inch guns, and it 
is understood that twelve of these will be fitted in triple-gun turrets. 
The Russians’ have’ also’ adopted the three-gun turrets in the ships which 
are now in an advanced stage of construction, twelve of these being 
arranged for, all in the center line; but in this case the guns are so dis- 
posed that only three can fire ahead and three astern, the turrets amid- 
ships being capable of discharging on either broadside, with a consid- 
erable degree of training before and abaft the beam, although the funnels 
and superstructure of the ship prevent them firing both ahead and astern. 
In their new 32,000-ton ships there will be nine 14-inch guns in triple-gun 
turrets. In the latest German ships the 15-inch gun is also adopted, but, 
so far as we are able to learn only eight of these are being installed, and 
the arrangement corresponds with that in the Queen Elizabeth. 

As regards the lighter guns, it is noticeable that the 6-inch gun or its 
equivalent, is now almost entirely accepted, and is being fitted in case- 
mates; the difference is only in the number fitted: In the immense ship 
proposed for the American Navy, twenty-one 6-inch weapons are sug- 
gested; in the newer French ships, twenty-four of 5.5-inch bore; in the 
Austro-Hungarian ships, sixteen of 5.9-inch caliber; in the Japanese ships, 
sixteen of 6-inch caliber; in the Russian ships, now nearing completion, 
twenty of 4.7-inch caliber, but in the later vessels the larger gun is being 
adopted; and in the German ships there are sixteen 5.9-inch guns. 

With the increase in the caliber of guns there is a disposition to add 
to the thickness of the armor on the water line, and now plates of 12 
inches or 13 inches thickness are quite common for a considerable depth 
of the hull, while above this there is 9-inch armor, reduced to 6 inches at 
the extreme ends on the water line. That is the arrangement adopted in 
the Queen Elizabeth, which is undoubtedly the ‘most effectively protected 
ship so far built. The Americans, in the proposed 38,600-ton vessel, 
contemplate the fitting of a belt of maximum thickness of 17 inches, re- 
duced to 9 inches forward and aft, while the barbette armor is to be of 
16 inches, and the front plates of the gun-hoods 18 inches, and the side 
plates 9 inches and 10 inches. In this it will therefore be recognized that 
they have moved forward from the proposals embodied in the Queen 
Elizabeth, but their advance in this respect, as in others, will be severely 
criticised by many naval writers on the plea that the advantage may not 
justify the great cost. 

here is a great variety of opinion as to the most effective speed for 
ships of the line. The Queen Elizabeth, as we have said, is expected to 
attain a speed of 25 knots, which, it is contended by some, is too great 
for.a battleship; but, as Mr. Churchill has already made clear, the four 
vessels of the class are intended to form an independent squadron with 
special functions in the Admiralty scheme of strategy and tactics. Without 
knowledge of these duties it is not possible to give a definite opinion as 
to whether this high speed is justified in association with the great armor 
protection to which we have already referred. The battle cruisers of the 
Lion class, of which four have now been ‘built, are of 28 knots speed, 
and in their case this result involved some sacrifice in armor. Ttalian 
naval constructors have always been in favor of high speed, and in their 
newer battleships the. rate anticipated is 25 knots, as compared with the 
designed speed of 23 knots in the vessels. of the Dante Alighieri class, 
which were recently. completed. The French authorities, on the other. 
hand, are satisfied with very much less speed, the designed power of the 
vessel launched a few weeks ago being 19 knots, as compared with 21 
knots in the vessels now being laid down. Austria-Hungary, like Italy, 
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anticipates a speed of 25:knots in the four ships just begun. The Germans 
are satisfied with .21 knots,:so far as ships already ordered afford clear 
indication of their views on this question, 

In: all cases turbines have been adopted for propulsion,..and in the 
majority ofsinstances these are of the Parsons type, but in some. the 
Curtis turbine: is being fitted. This applies notably to the Pennsylvania, 
- which: will have Curtis turbines and helical gearing. It is a notable fact, 

further, that in the latest ship. for the American Navy Parsons turbines 
are being built at the New York Arsenal, the United States Navy hav- 
ing: become licensees for this’ system, and having acquired the machinery 
for the construction of the turbines. The Queen Elizabeth will have 
Parsons turbines, which have been manufactured by the Wallsend Slipway 
and» Engineering Company, Limited, Wallsend-on-Tyne. .As in all our 
battleships, the turbines will work on four shafts, each of which has an 
ahead and an astern turbine, the low-pressure ahead turbines being 
mounted on the inner. shafts, and the high-pressure on the .wing -shafts. 
For. cruising there are two turbines; working through -gearing at the 
forward end of the inner: shafts, and arranged to exhaust through the 
main high-pressure and low-pressure turbines, thence to the condensers. 
This arrangement will give a satisfactory economy throughout a great 
range of speed,.as it is possible to drive'the ship at low speeds with the 
cruising geared ‘turbines, while the main high-pressure turbine can. be 
brought into action to take the boiler steam at any stage; the valves are 
arranged accordingly.—‘ Engineering.” : 


ELECTRICALLY-DRIVEN CARGO ‘VESSEL 7YNEMOUNT. 
By Freperick C. CoLEMAN. 


The. Tynemount, an electrically-driven cargo vessel, recently, built by 
Swan, Hunter & Wigham Richardson, Ltd., of Wallsend-on-Tyne, Eng- 
land, to the order of the Electric Marine Propulsion Co., Ltd., Montreal, 
and for service on the Great Lakes and canals of North America, 

The Tynemount is 250 feet in length by 42 feet 6 inches beam, and 
19 feet depth molded, and she is adapted to carry 2,400 tons of cargo. 
The vessel has two masts, forecastle and navigating bridge forward, and 
poop aft. There are one steel deck and three cargo holds, with seven 
large hatches. .On the deck are steam winches. for working the cargo 
with three 3-ton derricks. 

The deck machinery consists of steam, windlass, steam-steering gear, 
and the three steam winches for working cargo and warping. Electric 
light is. fitted throughout. This auxiliary machine is supplied with, steam 
from two Cochran donkey boilers placed in the poop and fired by means 
of oil fuel. The vessel has.a double bottom throughout, with heavy. flush- 
fitted tank-top plating; under the cargo holds the double bottom is adapted 
for carrying water ballast, as is the forepeak, whilst the tank under the 
engine .room and .the after.peak may -be used for oil fuel. There are 
also. two. tanks for oil fuel on the deck forward of the poop. bulkhead. 
In: the forecastle is the accommodation for the officers, crew and oilers, 
whilst above are the captain’s sleeping room and his office, together with 
wheel-houise, etc. In the poop are the rooms for the engineers, the 
galley, the dining saloon and the crew’s.mess room, 

Among. other special features may be mentioned a strong oak fender 
along the sides of the vessel, and forward for protection in the locks, 
a strong oak quarter badging round the stern, “ wrecking wells,” i. e., 
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vertical trunks to give access from the deck to the double bottom when 
the holds are full of cargo, bowsprit for steering, etc. The machinery 
is accommodated right aft under the poop. 

The system of electric drive is that designed by Henry A. Mavor, 
who has deseribed the system and discussed its advantages in papers 
read before the Institution of Engineers and Shipbuilders in Scotland 
and before the British Association in 1911 and 1912,:and jointly with 
John Reid, before the Institution of Naval Architects in June, 1913. 
The prime movers of the installation consist of two six-cylinder, high- 
speed engines of the Mirrlees-Diesel type, as manufactured by Mirrlees, 
Bickerton & Day, Ltd., Hazel Grove, near Stockport, England. They 
are each capable of developing 300 B.H.P. at 400 r.p.m. on the four- 
stroke cycle, the diameter of the cylinders being 12 inches and the stroke 
13% inches. 














THe Motor Suip “TyNEMouNT,” THE First MERCHANT SHIP TO BE 
ELEcTRICALLY. DRIvEN. 


The engines are totally enclosed, forced lubrication being employed 
throughout... There is a substantial bed plate, cast in two pieces and bolted 
together, joined .with the alternator bed plate at the flywheel end of 
each engine, the whole being secured to the raised engine seatings, which 
form part of the ship’s structure on both port and starboard sides of 
the engine room. The. six cylinders of the engine are divided into two 
groups of three cylinders each, the vertical shaft, which drives the cam 
shaft, being placed between the two groups. The crank shaft is made 
in two pieces, the gear wheel, which transmits the motion to the vertical 
shaft, being bolted between the two flanges of the central coupling and 
these flanges are turned solid with the shafts. The engines, which are 
coupled to the alternators in the usual manner, are placed on the for- 
ward end of the machinery space on the port and starboard sides. A 
suitable hand lever barring gear working in an internal rack on the 
flywheel of each engine provides for turning the engine when required 
into the starting position... Starting is effected by means of compressed 
air, three cylinders only’ being fitted with starting valves. These are ar- 
ranged on the three cylinders at the flywheel end of the engine, and 
their operation is rendered easy for the engineers in charge by a system 
of bell-crank levers and! coupling rods transmitting the motion from a 
control pillar placed on the engine-room floor in close proximity to 
the air receivers of the engines. A device for stopping the engine and 
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means of controlling the amount of air delivered by the air compressor 
are also provided on the same control pillar. Near at hand is the electric 
controller of the transmission system, the whole providing a compact 
and centralized arrangement for the operation of the propelling machin- 
ery. At the after end of each engine a three-stage air compressor is 
fitted, driven direct from an extension of the engine crank shaft. This 
extension also provides means for driving the lubricating and circulating 
water pumps. The two groups of cylinders comprising each engine are 
carried by the two enclosed-type columns, each cast in one piece and 
provided with inspection doors of ample size. To these columns on 
the front or cam-shaft sides of the engines cast-iron brackets are fixed, 
which support grating platforms running along the whole length of 
each engine on the front side. These platforms provide easy access to 
the valve gear and valves. The valves are situated in the cylinder covers, 
the fuel valve being of the ordinary needle type, opening vertically upwards. 
The exhaust and air valves open downwards, and all are operated by 
cams and levers in the usual way. An important feature of these levers 
is the provision of a hinged and bolted joint in each, which allows, by 
the undoing of one bolt, any lever to be folded back, and by this means 
the work of withdrawing the valves is reduced to a minimum. All 
the valve seats are made separate from the cylinder covers, and can be 
withdrawn bodily with the valves. Spare valves and seatings are car- 
ried, and thus all grinding-in can be done on the bench at the engineer’s 
convenience. The pistons are of the truck pattern and have separate 
heads, and the top ends of the connecting rods are fitted with gun-metal 
bushes working on case-hardened piston pins. 

The fuel pumps for delivering the oil to the cylinders are situated on 
either side of the vertical-shaft gear casing, and are driven by eccentrics 
from the cam shaft. Each of these eccentrics operates a small cross head 
to which are fitted the three plungers of each pump. 

Fuel oil is fed by gravity to the fuel-pump suction chamber from the 
ready-use tanks, which are situated on the forward bulkhead of the 
engine room. The amount of oi! passing to the cylinders is determined 
by the governor, which is fitted on the upper portion of the vertical 
shaft, a system of coupling rods and levers is connected from the gov- 
ernor arm to a small spindle passing through the fuel-pump suction 
chamber and to this spindle tappets are fixed, which determine, accord- 
ing to the position of the governor, the length of time the fuel-pump 
suction valves remain off their seats, and until the suction valves are 
closed no oil wil! be delivered to the fuel valves on the cylinder covers. 
The circulating water after passing through the engines goes to the 
exhaust pipes, which are water-cooled. Thence it passes from each 
engine through a water-flow indicator into a branch piece from which 
two pipes are led, one pipe going to the discharge valve on the ship’s 
side and the other by means of a by-pass to the suction side of the 
circulating pump. By this means warm water. can be mixed with the 
incoming water from the weed traps when the ship is sailing in cold 
waters. When the ship is running in fresh water, it will be possible 
by means of a speciai arrangement to pass the hot circulating warer from 
one engine into the feed tank of the donkey boilers. When the engines 
have been stopped and are cooling down, it has been arranged that the 
sanitary pipes may pass ‘circulating water through them and thus lessen 
the chances of precipitation of salts or alkaline matter in the jackets. 

The electrical equipment consists of two Mavor & Coulson three-phase 
alternators, each direct coupled to one of the Diesel engines. The alter- 
nators, when running at their normal speed of 400 r.p.m., each give an 
output of 500 volts and 270 ampéres per phase, which absorbs the full 
power of the engine. They are provided with six and eight poles, re- 
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spectively, making the frequency of the current 20 periods per second and 
26.6 periods per second, respectively. An exciter is direct coupled to 
each alternator and is capable of giving an exciting current of 30 ampéres 
for ample working, which can be increased up to 50 ampéres whilst 
maneuvering. The current from these two generating sets is led to a 
500-B.H.P. Mavor & Coulson patent induction motor of special con- 
struction. The rotor of this motor is of the squirrel-cage type, but the 
stator is provided with two different and entirely separate windings, one 
of 30 and the other of 40 poles. When these two windings are sup- 
plied with current at 20 and 26.6 periods, respectively, they give the same 
synchronous speed of 80 r.p.m. The motor will then absorb the full 














COMBINED GENERATING SET, MoTor SHIP ‘‘ TYNEMOUNT.”’ 


power of both engines and drive the propeller, to which it is direct 
coupled, at a speed of 78 r.p.m. This propeller speed corresponds to the 
fastest speed of the vessel. In order to obtain a slower speed the con- 
nections are altered so that the alternator giving 20 periods supplies 
the 40-pole-winding of the motor; the alternator giving 26.6 periods can be 
shut down and the 30-pole-winding of the motor is also out of use. The 
synchronous speed of the motor with the propeller is now reduced to 60 r.p.m. 
One of the engines only is available, but as the speed of the ship is re- 
duced to about three-quarters of the normal, half of the total horse- 
power is ample and the great advantage is obtained of being able to 
entirely shut down that part of the plant which is not required at the 
low speed. It will be noted that the two alternators, when both are at 
work, are connected to entirely separate circuits, and they are, therefore, 
never run in parallel. The paralleling two alternators necessitating that 
they should be run up to speed and synchronized before being switched 
onto the load is quite unsuitable for ship work; this operation not only 
requires skill and care, but would involve considerable delay in starting 
the propeller motor. The motor is readily reversed by interchanging 
the connections of two of the phases. The switch gear, by means of 
which the necessary changes are thade, is extremely simple; it consists 
of two parts—a main switch of the tramway controller type, having five 
different positions, full ahead, half ahead, stop, half astern, full astern; 
and of a second switch, the purpose of which is to introduce resistance 
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into the shunt circuit of the exciter...The contacts of both switches work 
under oil, but it is inadvisable that the contacts of the main switch should 
be required to break the large main current flowing to the motor. The 
two switches are, therefore, interlocked so that it is impossible to work 
the main switch except when all the resistance has been introduced into 
the exciter field coils. There is then practically no excitation and the 
whole system is dead. With the resistance in the exciter field circuit, 
the main switch can be moved to any one of its four working positions, 
and when the main connections have been made for the new running posi- 
tion, the shunt-switch lever is pulled over so as to cut out the resistance 
and restore the excitation. Until the main switch is definitely on one set 
of contacts the shunt switch is locked so that the excitation cannot be 
restored. From an inspection of the switch gear and the diagram of con- 
nections it will be seen that the whole handling of the ship can be carried 
out by means of two levers which are so interlocked as to be practically 
fool-proof. In the present instance, these switches are in the engine room, 
but it is evident that by lengthening the connecting cables they could be 
placed on the navigating bridge. The number of electrical instruments 
provided has been kept down to a minimum. There are provided only 
one ammeter, and one voltmeter for each alternator, and an ammeter and volt- 
meter for each exciter. The handling of the switch gear is so simple that there 
is no necessity for multiplication of measuring instruments. The electrical 
drive permits the speed of the ship to be altered without altering the engine 
speed. It also permits a convenient gear ratio to enable the engines and the 
propeller, respectively, to be run at their most efficient speeds and also 
provides for the steady reversal of the propeller while the engines cor- 
tinue to run in their normal direction. In addition to the above advan- 
tages it is found that in many cases the system allows of a reduction in 
the machinery space and also in the bunker space required, thus increas- 
ing the cargo capacity of the vessel. As a subsidiary advantage, it lends 
itself readily to distant control, and in any case where it may be found 
advisable the switch gear can be put on the bridge and the control of 
the motor driving the propeller be put into the hands of the navigating 
officer.—“ The Marine Review.” 
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UNITED STATES. 


The following was the total degree of completion of vessels under 
struction for the U. S. Navy on November 1, 1913 : 


BATTLESHIPS : 












No. 
34 New York......00 «eee New York Navy Yard .. abadencchts 
3S LORAG si scvcddssocses . Newport News Ship Building Oi scsdcarncns 
36 Nevada .......cererecserseeees Fore River Shipbuilding Co............00000 
37 ORlAhOMGA ...... 020000000000 New York Ship Building Co............ slaw 
38 PEnnsylVanta .....ss00-000+s Newport News Ship Building Co............ 
SED py; euhoncscaswtetas Wapnapies see New York Navy Yard..........0.-sesssssseesees 
DESTROYERS : 
45 Downes... babes . New York Ship ——s 4 petetkibitensesede 
47 AYlWin .0....c.cc000. cevooseee Win. Cramp & Sons.. alAetseB Risers 
G8) PUGRE? .i.500c.0 ciseesccveceses Wm. Cramp & Soms..........csccceeescseseceeees 
49 Benham ......s.ccreseree eee Wi. Cramp & SOms..........scccecerceesereeeees 
50: BAlCh iisaieciisscuidaine casiaeis Wm. Cramp & Sons...............scecesseesesees 
5I OBrien... recrcerececoeseees ee Wm. Cramp & SOms.........cccscesceeseeecenens 
52 Nicholson. ....cc...ceeeeeees Wm. Cramp & Soms....ce.ccceeccssssessseseooses 
53 WAnslow ...ccccercececeessers Wm. Cramp & Soms............s0ceseeeee esthiades 
54 MCDOUZEAL......00rescceeeers Bath Iron Works..........s.ccceseessesesseees weee 
55 CUSHING ...00000 . Fore River Shipbuilding Co..... ..... eae 
56 EVicCsSOM. ..reverseevecenseeee New York Ship Building Co............ covees 
DESTROYER TENDERS : 
D TU OMIE. ico sssccessesesscsece New York Ship Building Co.................- 
SUBMARINES : 
MEGA sicsa ice Visipe) Sahn American Laurenti Co. (Phila.)...... 

” OE Get oces his ay ree neeeap Lake T. B. Co. (Bridgeport) ............ss000 
BB PI oo csnion ds wadacerysophcepten Electric Boat Co. (San Francisco).........+ 
RO AIH! ics ciaedsifassabdfacgdadsas Electric Boat Co. (San Frac etasicssia 
BO FERS: cisccipsnasongeasdus tive Electric Boat Co. (Seattle) ee shes enlec mal naaiay 
BE Goal suck base Scerbaisciabsa Lake T. B. Co. (Bridgeport) ...........0.++ 
RE oN ces gteisss catgadayaecigebibane Electric Boat Co. (Quincy) ....... babi aed hod 
ew og OE ig bias Sal ves sanes Electric Boat Co. (Quincy)... cieeaade 
34 K-3 Electric Boat Co. (San Francisco). Se cndeceate 
FS as cisccsscccnicass garareonds Electric Boat Co. (Seattle).............. oa’ 

He Electric Boat Co. (Quincy). 

.. Electric Boat Co. (Quincy).......... eas 

Electric Boat Co. (San Francisco)........... 

Electric Boat Co..(San Francisco)........... 

. Electric Boat Co. (Quincy).......... weadd Saeed 

Electric Boat Co. (Quincy).............. oy 

42 Besicccii igi Sis Rea Electric Boat Co. arn Sccabedtapiea 
BS DOPE Sik se cccsccvances eagasay Electric Boat Co. (Quincy )..........:-escesees 
AA EHS. ccdiviecdsivdes soscssseeseee Lake T. B. Co. (Bridgeport)... ea esaglart sven 
45 L-6 woeccesaee sesccosescesseeeee Lake T. B. Co. (Long Beach, Cal.)......... 
46 LH7 ..csessssesssscvoveneceeveee Lake T. B. Co. (Long Beach, Cal.,)......... 


47 ME Vicalisis cecdedeiniacsctetebess Electric Boat.Co. (Quincy)............:seesee 


con- 
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SUBMARINE TENDERS : 


oO. 
Y, PRON Sis oie sce Sievactsitere New London S. & E. B. Co. (Quincy) oe 23.4 
2 Bushnell ...cccccccccsccsceoes Seattle Construction and D. D. Co.......... 3.0 
FUEL SHIPS: 
13 KAnawha.......cscceevsevseeee Mare Island Navy Yard.. fies tact es ax at 
14 Maumee. .orccees seccreeseeere Mare Island Navy Yard... Rirec catianu dite cgacdiane 5.3 
GUN BOATS: 
19 SACraMentO......000..ss0000 Wm, Cramp & Sons........... pW ecmeidssualiet. 54.4 
20 MONOCACY.....c0ceerseerecces Mare Island Navy Yard...........0....0. 99.0 
1G: PROS Es ii chi ciate heath sioe Mare Island Navy Yard.........s00..-.000-s000 100.0 


SUPPLY AND TRANSPORT SHIPS. 


The final step in the completion of the design of the supply ship and 
and transport, at present known respectively as Supply Ship No. 1 and 
Zransport No. 1, provided for in the naval appropriation bill, approved 
March 4, 1913, was accomplished when Secretary of the Navy Daniels 
signed and issued a circular inviting all shipbuilders, who have sufficent 
plant with which to construct these vessels, to submit competitive bids for 
their construction to be opened Dec. 20. These vessels will be the first 
of their type designed exclusively for their respective uses up to the 
present time. 

The transport will be 460 feet long, 61 feet beam and 20 feet drviaght. 
She will have a maintained sea speed of 14 knots, and will be fitted to 
provide comfortable quarters for approximately 2,000 men, including 
about 100 officers. Stables will be provided for 32 horses. Large cargo 
holds will be fitted for transporting equipment and outfit for establishing 
2n_advance base for military operations, in case necessity should require. 

The vessel is of the three-deck type, with a large and commodious 
superstructure amidships, and a deck house aft. The after house contains 
hospital spaces, which are necessarily extensive for this number of men. 
The superstructure contains the galleys, bakery and other messing spaces 
on the main deck, while on the higher levels are the staterooms, mess- 
rooms, bathrooms, etc., of the officers of the ship and the troops. The . 
troops and crew are quartered on the troop or second deck. 

Special consideration has been given to the boat outfit in order that 
ample seating capacity may be provided for every person on board. 
Motor boats and steamers for the towing of life boats have been pro- 
vided. One of the steamers will be fitted with a wireless apparatus for 
communicating with the approaching vessels, in case of disaster. The 
lifeboats proper are of the folding type. Provision Has been made for 
hoisting and lowering them by geared davits, and especial precautions 
have been taken to insure safety in launching. The large steamers will 
be handled by the vessel’s booms. 

The transport will be fitted to burn either oil or coal. She will be 
equipped with eight 5-inch, guns, will have double-bottom protection 
throughout her entire length and up the sides abreast the engine and fire- 
rooms, She will be equipped with modern high-power wireless apparatus, 
searchlights, signal apparatus and facilities for the rapid handling of 
cargo. 

The supply ship will be 400 feet long, 55 feet beam, and 21 feet draught. 
She will. be fitted with cold-storage spaces for the transportation of re- 
frigerated meats, cooled vegetables and a large quantity of ice. This ship 
is designed to accompany a fleet of eight battleships, and to supply them 
with provisions for a period of two months. 
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She will.be equipped to burn either coal or oil, will have a high-power 
radio outfit, four searchlights, and facilities for the rapid handling of 
cargo. She will be provided with a towing engine for use in aiding 
disabled vessels of the fleet. Provisions will be made for the transferring, 
by her own pumps, of fuel oil from her tanks to those of other vessels. 

On these vessels especial consideration has been given to the living 
quarters provided for both crew and officers, in order that all possible 
facilities and comforts for the personnel, that are compatible with the 
conditions to be met, may be provided. The ships have been designed 
with high freeboard and stability such as to make them comfortable and 
sea-worthy.—* The Marine Review.” 


U. S. S. DUNCAN. 


The preliminary trials of torpedo-boat destroyer No. 46, the Duncan, 
were successfully run Juiy 5th to 8th, 1913, inclusive. An average speed 
of 29.143 knots per hour was attained on the four-hour full-power trial, 
with the main turbines: developing 14,254 S.H.P., at 571.33, r.p.m. 


U. S. S. TEXAS. 


U. S. battleship No. 35, the Texas, satisfactorily completed her pre- 
liminary trials October 23d to 31st, 1913, inclusive. An average speed 
of 21.05 knots per hour was attained on the four-hour full-power trial, 
with the main engines developing 28,373 I.H.P., at 124.56 r.p.m. 


ACCIDENT TO MACHINERY OF THE U. S&S. S. TEXAS. 


On October 23d the 7exas held her standardization trials on the mile 
course at Rockland, Maine, under the supervision of the official trial board. 
The runs at 10, 12, 15, 17 and 19 knots had been completed as well as the 
first and second runs at 21 knots. All machinery had functioned well dur- 
ing these runs, At 1:40 P. M., while making the third run at 21 knots, the 
forward low-pressure valve gear of the port engine broke down completely. 

The engines are triple expansion, with two low-pressure cylinders, the 
sequence from forward being, L.P., H.P., 1.P.andL.P. It will thus be noted 
that the accident was at the extreme forward end of the shaft. 

The engitie was stopped as quickly as possible but made several revolu- 
tions before this could be done. In the meantime the reversing gear had 
been thrown over to the astern position. Examination then showed condi- 
tions to be as indicated on the accompanying sketch. 

The injuries in detail were as follows : 

(a) Both valve stems broken off short in the groove at base of thread, the 
outboard one snapped short off and the inboard one bent ten or fifteen de- 
grees before breaking. 

(6) The valve-stem crosshead guide was torn loose from the valve chest, 
the eight 1-inch studs that secured it having parted. Some of these snapped 
off short, others broke off after bending slightly and one of them was pulled 
out, stripping the thread in the valve-chest casting. 

(c) The valve-stem guide was bent slightly out of true, with the parts 
pinched together at the bottom. 

(d) The crosshead had a crack about five inches long, extending from the 
top on the forward side. 

Re) The link was undamaged except that the distance piece at one end 
was cracked. 

( f) The ahead eccentric rod was bent back about 45 degrees in the plane 
of its own motion. 

(g) The entire gear was thrown against the water and oil-service pipes on 
the inboard side, and these, together with the access grating, were damaged. 
Examination of the valve chest showed the following injuries : 
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LOOKING AFT.—UPPER PART OF ENGINE CASING REMOVED. 


APPROXIMATE SKETCH OF THE WRECKED F.L.P. VALVE GEAR, PORT 
ENncinE, U. S. S. ‘‘ TEXAS,’ AS IT APPEARED IMMEDIATELY AFTER 
THE ENGINE WAS STOPPED. THE ACCIDENT OCCURRED WHEN VES- 
SEL WAS MAKING 2I KNOTS, AND THE ENGINE TURNING ABOUT 123 
R.P.M. 


A-—Broken end of outboard valve stem. D—Valve stem crosshead guide. 
B—Broken end of inboard valve stem. E-—Ahead eccentric i 
C—Valve-stem crosshead. F—Forced-lubrication pipes, 


(2) The inboard valve-chest bonnet had one strengthening rib damaged 
and a piece was broken from the flange through one of the holes for studs 
securing the bonnet and crosshead guide. This stud was the one that had 
stripped the thread in the valve-chest casting. 

(z) The outward valve-chest bonnet was cracked all around inside the 
rim, the boss having been knocked up into the valve chest. 

(7) Both valve-stem stuffing boxes were badly damaged, the metal pack- 
ing cms having been distorted and the glands and bushings badly bent and 
battered. 

(2) The inboard valve was found in perfect condition. The outboard valve 
showed slight chafing at one spot on the upper end and three spots badly 
chafed and galled on the lower endin»oard. The valves have solid wearin 


tings with followers and had been closely fitted. The galled places indicate 
the cause of the trouble. 
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After examining the damaged.parts the contractor’s engineers decided that 
repairs could be made with such assistance as could be obtained at the engi- 
neeting establishments in neighboring ports. Accordingly the ship returned 
to her anchorage at Rockland, using the starboard engine alone. The bent 
eccentric rod was dispatched to Quincy, Mass., where it was straightened 
and annealed in the shops of the Fore River Shipbuilding Co., and returned 
to the ship on the evening of the 25th. A new outboard valve-chest bonnet 
was cast by the Hyde Windlass Co. at Bath, Me., using the inboard one as 
a pattern. New glands and bushings for stuffing boxes were also made at 
Bath, and these parts, machined by the Bath Iron Works, were all on board 
ready for installation on the morning of the 25th. 

The bent crosshead guide was trued up and some studs and small castings 
were made in a shopin Rockland, All other necessary parts were carried 
on board, including one spare L,.P. valve stem and one spare I.P., which it 
wan See to cut to suit. A patch was fitted over the crack in the cross- 

ead. 

All parts were on board ready for assembling by 10:00 P. M. of the 25th, 
and by the afternoon of the 26th they had been completely assembled and 
the engine tested under steam. The trials were resumed.on the morning 
of the 27th and were carried to completion without further trouble. 

The contractors and builders of the 7exas are the Newport News Ship- 
building and Dry Dock Co., of Newport News, Va. This accident came 
absolutely without warning and in no way reflects on the ability or alertness 
of the company’s engineering staff. 

Chief Engineer Christiansen and his assistants deserve high praise for the 
untiring skill and excellent judgment shown in making repairs and prepara- 
tions for resuming the trials. 

The weather was fine and clear on the 23d, the day of the accident, but a 
heavy fog which set in that evening did not lift unti: three days later. The 
trial board : ud its assistants remained on the ship and were able to continue 
the trials ot. the first snitableday. Theaccident isthus seen to have resulted 
in practically no delay to the trials. 

The serious nature of this accident and the facility with which repairs were 
made in a port almost wholly lacking in the shop equipment necessary for 
making repairs, illustrates forcibly one of the great advantages of the recip- 
rocating 4% The engine was made ready for any service in‘three days’ 
time.—U. T. H. 


AWARD OF DESTROYER CONTRACTS. 


The Secretary of the Navy, on September 16, made conditional award 
of the contracts for the new torpedo-boat destroyers, Nos. 57 to 62, 
which were provided for in the naval appropriation bill approved March 
4, 1913, dependent upon the contractors’ acceptance of minor modifica- 
tions of guaranteed fuel consumption, these modifications being required 
by the Department in order that greater radius of action desired may be 
obtained. 

The awards are as follows: 

One vessel to the Bath Iron Works, at $884,000.00. 

One vessel to the Fore River Shipbuilding Corporations, at Sey cte 

bg vessels to the New York Shipbuilding Company, at $825;000.00. 
each. 

Two vessels to the Wi liam Cramp & Sons Ship and Engine Building 
Compan r, at $8815000:00. each. 

‘he final design of these vessels was developed by the Bureaus of 
Construction and Repair and Steam Engineering to prodiice certain im- 
portant military characteristics desired by the General Board of the Navy. 

These destroyers are the largest of any of their class yet designed. 
They will have the same high sustained’ sea speed as previous boats of 
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the same class in the United States Navy. They show a decided advance 
in radius action at a high speed over previous designs, and have largely 
increased offensive power. A number of changes in types and location 
of fittings have been made to still further increase their seagoing qual- 
ities. Increased space and weight has been assigned for the living accom- 
modations of both crew and officers, in order to provide all possible 
facilities and comforts for the personnel so that they can remain in the 
highest state of physical efficiency during long cruises or when 4 opie 
exacting and hazardous ~~ with the battle fleet—‘ The Navy.” 


. 


ARGENTINE REPUBLIC. 
TRIAL TRIP OF BATTLESHIP RIVADAVIA. 


The official builders’ acceptance trials of the Argentine battleship 
Rivadavia, built by the Fore River Shipbuilding Corporation, Quincy, 
Mass., were carried out over the Rockland (Me.) measured-mile course. 
The vessel is 585 feet long, 98 feet beam, designed for a speed of 22% 
knots. The trial displacement of the ship is 27,600 tons and the full-load 
displacment 30,600 tons. The armament consists of twelve 12-inch guns, 
twelve 6-inch guns and sixteen 4-inch guns. The average of the high-speed 
runs was slightly over 22.5 knots, the horsepower developed 39,750, and 
the revolutions 270 per minute. These trials were followed by gun trials, 
in which it was found that the structural portions of the ship withstood 
the shock of firing absolutely without injury. Further trials, consisting 











Photograph Copyright by N. 1. STEBBINS. 


ARGENTINE BATTLESHIP RivADAvIA AT Fut, SPEED. 
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of a 30-hour run at 20 knots, a 30-hour run at 15 knots and an 8-hour 
run at 22.5 knots, will be conducted in the near future. The vessel will 
be delivered to the Argentine Government early in 1914.—“ International 


Marine Engineering.” ‘i 


CHINA. 
CHINESE CRUISER FEI HUNG. 


The practice cruiser Fei Hung, recently completed by the New York 
Shipbuilding Co., Camden, N. J., for the Chinese government has com- 
pleted an exhaustive series of speed, gun, and torpedo trials. Guaranteed 
by her builders to maintain a speed of 20 knots per hour, the Fei. Hung 
attained on trial a speed of 22% knots, 

In addition to the full-speed trial, a twenty-four-hour endurance trial 
was run to determine the fuel consumption at a speed of 18 knots. The 
results of this test were as satisfactory as those where speed only was a 
consideration; the consumption of fuel being remarkably low and con- 
siderably below that required by the contract. 

Upon completion of the full-speed trials all the guns in the ship’s arma- 
ment were severely tested by being repeatedly fired with full battle charges. 
One broadside or salvo was fired in which all the large guns on board 


were discharged simultaneously by means of an electric button on the- 


bridge. The unusual test, as well-as all the other gun firing, was most 
satisfactory, and in addition to demonstrating the excellence of the guns 
gave abundant proof of the strength and ruggedness of the vessel herself. 

The gun trials were followed by torpedo tests, upon conclusion of which 
a ab Hung returned to Camden to be prepared for her long voyage to 
the East. 

The Chinese officers who were present at the trials expressed themselves 
as greatly pleased with the results obtained and the generally satisfactory 
performance of the vessel. 

The Fei Hung is a protected cruiser of about 2,600 tons displacement. 
She is 320 feet long, has two masts and two funnels. The- propelling 
machinery consists of three steam turbines of the Parsons type which are 
supplied with steam by three Thornycroft water-tube boilers, one of which 
is fitted for burning oil fuel. The vessel is constructed with a double 
bottom and is further divided into watertight compartments by numerous 
bulkheads, both transverse and longitudinal. A heavy nickel-steel pro- 
tective deck extends for the whole length, covering engines, boilers, maga- 
zines, steering gear and all other vital parts. The ammunition hoists 
to the largest guns are also protected by «ickel-steel trunks; there is 
a heavy armored conning tower, and the larger guns are provided with 
armor shields. The armament of the Fei Hung consists of two 6-inch, 
four 4-inch and two 3-inch rapid-fire guns, six 3-pounders, two 1-pounder 
automatic guns, and two 18-inch torpedo tubes. There is a very complete 
electric plant, wireless-telegraph outfit, numerous boats, among which are 
a steam launch and a motor boat.—‘‘ The Marine Review.” 


ENGLAND. 


ERRATA. 


On page 511 of the August number of the JournaL it was ‘stated that 
the propelling machinery of the new British battle cruiser Tiger is to 
be of the Parsons type and Yarrow boilers. This.is an error; as we 
are informed that the Tiger isto! be equipped with Curtis steam turbines 
and Babcock & Wilcox boilers. 
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BATTLESHIP QUEEN ELIZABETH. 


The Queen Elizabeth, launched at Portsmouth, represents the latest in 
battleship construction: She will be propelled by turbines solely, and is 
the first ship fitted to burneoil fuel only under her boilers. Her new 
15-inch guns, made by Messrs. Vickers, are described as the most power- 
ful in the world. She has a displacement of 27,500 tons, or 500 tons more 
than the Queen Mary, up to now the largest completed warship afloat. 
Her turbines are equal to 58,000 H.P., and her speed will be 25 knots. 
In addition to eight of the big guns, she will carry sixteen 6-inch guns. 
The 15-inch gun weighs 96 tons, and fires a projectile weighing 1,950 
pounds, so that a broadside will mean the discharge of 15,600 pounds of 
metal. The big guns are mounted in pairs in four turrets on the center 
line. She is also to carry twelve guns which have been specially de- 
signed to meet attacks from airships and aeroplanes, and the upper deck 
is to be armored as a protection against bombs from above. The funnels 
are also to be protected against this danger. The decision to use oil 
to drive the ship has had many consequences. The old bunkers in 
which the coal was stored have disappeared, and the oil is kept in the double 
bottom. Then it has been possible greatly to reduce number of stokers, 
and the Queen Elizabeth, notwithstanding her greater power, will have 
a smaller crew than any previous Dreadnought. 'The estimated cost of 
the new vessel is £2,350,000, or about £400,000 less than the Royal Sove- 
‘reign, which is to follow her on the building slip. She is the first of 
the five armored ships of last year’s program.— Page’s Engineering - 


Weekly.” 
BATTLE CRUISER QUEEN MARY. 


A remarkable speed record is reported to have been made by the 
Queen Mary, the latest of our battle cruisers. It is stated on good au- 
thority that this ship attained on her full-power tests a speed of 35.7 
knots, or over 41 miles an hour. It is said that the increased length of 
these vessels has contributed not a little to their speed. The Indomitable 
is 530 feet in length with a beam of 78% feet, the proportion of the one 
to the other being 6.75 to 1. In the Queen Mary the length is 660 feet 
and the beam 89 feet, the ratio having been increased to 7.42 to 1. The 
cost of machinery has not increased to the extent that might have been 
anticipated, for while the 41,000 H.P. turbines of the Indomitable cost 
£476,481, those of the Queen Mary cost only £510,600.—‘ Page’s Engineer- 
ing Weekly.” 


THE FIVE BRITISH BATTLESHIPS OF THE 1913-1914 PROGRAM. 


The new battleships will differ very noticeably from those of the 
Queen Elizabeth class. They will burn coal, oil being used as an auxiliary 
in case of necessity; the designed speed will be reduced from 25 to 21 
knots, in order to permit of a reduction of. 2,000 tons in displacement 
without affecting in the least the ships’ offensive and defensive qualities. 
The reduction in displacement is obtained principally by a very consid- 
erable reduction in beam; and it is hoped that, in comparison with the 
Queen Elizabeth class, the cost of their successors will be lowered by 
13 or 14 per cent,—“ Le Yacht.” 





FRANCE. 


OFFICIAL TRIALS OF THE BATTLESHIP COURBET. 


The battleship Courbet is a sister ship of the Jean Bart. The Courbet, 
however, is fitted with Niclausse water-tube boilers, whereas the Jean 
Bart was fitted with Belleville boilers. The main particulars of the boilers 
of the Courbet are: 

















Number: 06 boilers: 65550605 a a a oa ee ieee ks 


Total grate surface ........ Ped Rcc nen ee Nbae cuck eee n eae 2,035 square feet 
Total heating surface ............ce ccc ce eee eeeeeeeees 66,306 square feet 
Working pressure: 6 ir5050 3 6 oo i, ia es ee 256 pounds. 
Number of elements ...............00000. SUES Se ay s-< aareaeeen eee 374, 
Number: of Cee? 4 via $a he 6 Se eas aa eae cs Kae eee 9,724. 
Length of tubes. s0i7i ce co ena bac 0 ee 7 feet 11 inches. 
Inside diameter of tubes ..................00004 31/16 and 2.15/16 inches. 
Outside diameter of tubes .............. cece cece eceeeeees 35/16 inches. 
Mean diameter of funnels ............. 0. cc cc cece ccccececeecceees 10 feet. 
Height of tunnels (2. 36550 hi cas ss ceeds Vann ds 3408 65 feet 8 inches. 


Preliminary trials of the Courbet were started on May 20, after the 
yessel had been placed in drydock and the hull had been cleaned and 
painted. The following month the vessel was sent to England with the 
President of the Republic on board, and the final trials were not carried 
out until July, and as there was no opportunity to dock the vessel and 
clean the hull again, the results obtained from the final trials were quite 
different from those obtained from the earlier trials, 


Six-Hour Endurance Trial, May 20. 


Number: of boilers. . 10. U8e 626.666. 0.0,dc. cars,cace ols, clans dnd brace wins debates Os 12. 
Pressure iat: steam .ChESt.. ...c:00.0.s.0.060 c.0.0 00.0 odbe Se delele da bidet 35 pounds. 
Vacuum of condenser ............00e00- Miwee 14 wae 19.2 inches. 
WMember 4a6.: revolsteans vi 0:55 civinic nen n0d 0.0 o0didid kaw enlace «cans. cmelipiGes 183.3. 
DERG BOROR a beiinc a Ba ehiicelne sien a Naa Re@bla idee oh deat dete 13.1 knots. 
Consumption per hour .......... 0... cece eee ee eee eens 5 tons, 970 pounds. 

MENGE ios. Sue CET EE ek JSRTS~40. bh Feaes 901 pounds. 


Ten-Hour Full-Speed Trial, May 28. 


POMRES “Bh USE E56 CF NEL Se. oboe oh bbw Uagdeby Engeaes Ge babNeae 24. 
Pressure of boilers ................4- REL vests chbecee none 249 pounds. 
Sb Steatin: CNeSE Ls Pe Vdc fede coca bed de enbbeaeie aes 152 pounds. 

MRRMBNE ee i Ors ES Coo re COCR EEN e C ECS ESA TE Gelb dwn Fae TERETE 28.4 inches. 
Peake: HOPTSEpOWwer 5 os Sep dees coc vnsucem pede gam BOCMeemetee 25,540. 
Revolutions per minute .......... ccc cece eee e cee ce ceeereeees REN: 290. 
Mean speed ................ es RSE Pe ee eo a eC 20.803 knots. 
CBETRERY SIRO 8 Go ite Hash OAS oD ile sR UE ews PESO a uge BE 20 knots. 
Consumption per hour .........cc cece cece ee cette eee e eens 23.569 tons. 
MNES es AIRMAIL TAVIS. :....2,495 pounds. 

at 20 knots, as per contract .................. 2,646 pounds. 


Twenty-Four-Hour Trial, July 1 and 2. 


Boilers ih wees Ler. WOU, CERO a ea, AL ates he 22. 
Pressire at ‘boilers 605.50. b0. RWUOR UES. 20S. PUNT 229 pounds. 

Sted CHEST 2 56.8 GTS ALO. ete. 87 pounds. 
Wace {23797299 SUR 204 SURE LI tt Gt Ae 28.84 inches. 
Revolutions per minute ......... 0.0. ccc ce cece cece e cece eee eeeeenees 256. 
Mean speed 32. RDS. 27 I Aa OPO TOD 210008. 808 18.078 knots. 
Total consumption per hour ...........0. cee eee dee e eee eee 13.495 tons. 
Consumption per mile 2.0.00... cee eee ee cece ee eee eees 1,660 pounds. 








aS per cOMtract 2... 6k eee ee ee eens 1,808 pounds. 











Two VIEWS OF THE FrENcH BarriesHiP. “ CourBET’ TAKEN AT THE TIME 
oF Her OrriciaL TRIALS. 


Three-Hour Full-Steam Forced-Draft Trial, July 9. 





Bowers: in tise, 3S. plates aswag ents (Hiae).oa Ate ea oo ode cceweele Anan 24, 
POSESUTE AE DOM ETS es eR Oe i ao ak pee 238 pounds. 
Rieain Cheat os Sri Ore e a re Se Ca 169 pounds. 
MACHINNT  siig 2 Sa yee tee UES ra eres IEE 27.60 inches. 
ROVOMMONE Her MMe see ete ee ee ee a ae 296. 
DEGAH RDO kN iia ae che bi hve ard ola daly ta Mk Like BIDVESE 20.737 knots. 
Total consumption per hour ...........cceeccece cece eeeeees 29.562 tons. 
Contract consumption per square foot of grate at 20-knot 
BROOK sis sis swh ua aee cum Cages Kerchee bn + RBIS Its 32.8 pounds. 
Consumption on trial at 20.737 knots ............cce eee ee eee’ 32 pounds. 
Consumption per mile, as per contract, for 20-knot speed....3,334 pounds. 
Consumption per mile on trial for 20.737-knot speed........ 3,157 pounds. 
Air pressure in boiler rooms ..............c0eeee ees 0.88 inch of water. 
Six-Hour Endurance Trial, July 16. 
BSONOES TIN AIOE oo gis dos cia Gos pie wtaww dois naa esa ait aieta ta ear hist Waa ta Gomis <4 Op 
Peeannce at ated: (Hest 8. oa a ee ek an yhm come 26 pounds. 
DE oo FS are oak RSS RUPEES SEES Shas a ean 30 inches. 
Be NITION DET NITES gai g as ca 's'ie''s'nl ols’ Crouse ae Re ee hoe a ia eis 127. 
SSL oS Dee SEG Sane ee ROE a IIS Sate OE a bar SOR eA 9.396 knots. , 
‘Total consinnption per hour’... <0 )...4.'5. 3 ese. eee wee ae dee eee 3.149 tons. 
CONsiNption: DER Mbe so ss  O eeeS  ee 740 pounds. 
Be Ter.  COMMACE oe Ro OS la Ses tn Feo 750 pounds. 


— International Marine Engineering.” 
NEW BATTLESHIP VENDEE. 


The new French battleship Vendée, which is to be laid down on Jan- 
uary 1, 1914, will be a close second to the United States ship Pennsyl- 
vania for the title of the most powerful ship in the world. The Vendée 
will have three quadruple turrets, mounting 13.4-inch guns, while the 
Pennsylvania mounts the same number of 14-inch weapons. Speaking 
about the construction of the Vendée, Chief Constructor Doyére says 
“success will come to the party possessing the most powerful guns, io- 
gether with the most efficient firing and telescopic appliances, and who is 
in a position to secure the benefits of the first blows.” It has’ become 
a well-known fact that the French Admiralty is preparing modified copies 
of British Warspites, but with less speed and heavier guns, 15-inch being 
named as the size of the guns with which they are equipped. From the 
present outlook it appears that during 1914 France will easily maintain 
her superiority over the Austro-Italian combination—“ The Navy.” 
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GERMANY. 


SHIPBUILDING PROGRESS. 


The four armored ships of the 1911 program have been launched since 
January. The battleship known as “S” took the water on March 1 from 
the Imperial dockyard at Wilhelmshaven, and was named the K6nig. 
The “Ersatz-Kurfiirst Friedrich Wilhelm” was launched on May 5 from 
the Vulkan yard at Hamburg and named the Grosser-Kurfiirst. The 
“ Ersatz-Weissenburg” was put afloat on June 4 at the Weser yard, 
Bremen, and named the Markgraf; and the battle cruiser “K,” built at 
the yard of Messrs. Blohm and Voss, Hamburg, after an unsuccessful 
attempt at launching on June 14, eventually took the water on July 1, 
when she was named the Derfflinger. The armament of the three battle- 
ships is understood to include ten 14-inch guns, fourteen 6-inch and twelve 
3.4-inch guns, and their displacement is stated to be about 26,500 tons. 
No authentic information about them, nor about the battle cruiser, was 
published on the occasion of the launches. These four vessels increase 
the total of German Dreadnoughts afloat to twenty-one, of which six- 
teen are battleships and five battle cruisers. The Kaiserin and Seydiltz, 
of the 1910 program, were undergoing trials in May—“ Journal of -the 
Royal United Service Institution.” . 


RECENT ACQUISITIONS. 


The new German torpedo boats S-13 to S-24, built by Schichau, have 
shown wonderful speed in their trial runs. “The Schiffbau” makes the 
statement that S-22 maintained a mean speed of 34.18 knots on her three- 
hours’ acceptance trial at Pillau on July 19, while her velocity on a 
measured mile was 34.91 knots. The S-22 is a boat displacing only 564 
metric tons. To foreigners one of the peculiarities attending the trials 
is that it is not definitely known whether S-22. and her sister boats are 
oil-fired boats or not, but it is rumored that they are. 

The small cruisers Karlsruhe and Rostock are both ready for trial. 
The cruiser of the 1912 program, Ersatz Prinzess Wilhelm and the Ersatz 
Irene, are nearly ready for launching. The first is being built at the yard 
at Kiel, and the second at the Weser yard. 

The intense popular interest of the Germans in air craft is shown 
in the interest in the naval airship M. L. 1. This airship has made re- 
peated visits to every part of the Baltic and the North Sea coasts and 
over most of the harbors of the North Sea territory and the exercise 
grounds of the High Sea fleet north of Heligoland. The M. L. 1 can 
reach a height of more than 6,000 feet and remain 40 hours in the air. 
She is equipped with a wireless apparatus capable of sending messages 
312 miles, and can observe the approach of an enemy’s force at a great 
distance. She possesses real strategic value as an air cruiser in war 
times. Two more sister airships are being built. 

The Germans feel assured that hostile fleets can be kept under constant 
observation by means of these airships—‘ The Navy.” 


GREECE. 
BATTLESHIP SALAMIS, 


The Greeks have a new battleship under way, the construction of which 
is in sharp contrast to that of the Reshad V. The ship referred to is the 
Salamis, a battle cruiser of 19,000 tons, carrying eight 14-inch guns, with 
a sea speed of 23 miles. The cost of the Greek Salamis is nearly three- 














776 SHIPS. 


quarter million pounds sterling less than that of the Reshad V. The 
Salamis represents the ideas of the advanced constructors, who favor 
high speed and powerful armament rather than a low speed with heavy 
defensive armor.—‘ The Navy.” 


ITALY. 


TRIPLE-GUN TURRETS. 


Both triple and twin turrets figure in the design of the Dandolo and 
Morosini, laid down in December, 1912, by the firms of Ansaldo and Odero, 
in which Messrs. Armstrong, Whitworth & Co., and Messrs, Vickers, 
Ltd., are respectively interested. Each vessel will carry ien 14-inch 
guns, arranged in two triple and two twin turrets on the keel line. In 
the next battleships laid down, however, it is stated that the triple-turret 
method will not be followed. According to a dispatch from the Rome 
correspondent of the “ New York Herald” (European Edition), published 
on June 15, the Italian Admiralty, which initiated the triple-gun turret 
for the Dante Alighieri in 1909, has now definitely abandoned it, and the 
four battleships laid down this year will have only two big guns mounted 
in each turret. The same writer states that firing practice with the 
Dante Alighieri’s guns showed that when two contiguous guns were fired 
in a triple-gun turret the turret was often put out of working order. It 
has been decided that the four new ships, which are to be completed in 
1916, will be of 30,000 tons displacement, 25 knots speed, and will carry 
eight 15-inch and twenty 6-inch guns, with a maximum thickness of 12 
inches of armor.—‘ Journal of the Royal United Service Institution.” 


TRIALS OF THE NINO BIXIO. 


Two trials have been lately made with the new type of Italian “ Scout” 
Nino Bixio, The first of these, which was intended to consist of twenty- 
four hours’ continuous steaming, would have been a particularly severe 
one, since 15,000 horsepower, or about two-thirds of the full power, 
would have had to be developed working with the two wing turbines only. 
The two engines would therefore have to be kept up to a mean of fifteen- 
sixteenths of their full power for twenty-four hours on a stretch. This 
test began well. The boilers gave ample steam with little more than 
1% inches of air pressure, while the turbines developed the 15,000 horse- 
power required and the vessel maintained the estimated speed of 25 
knots. The trial was, however, suspended after twelve hours’ running 
in consequence of a small mishap to the feed-water heaters. 

The second test of six hours at full speed, with the thirteen boilers 
and three turbines all working, took place off Naples on October 18th. 
The engines, which are divided into three independent groups, surpassed 
the contracted horsepower of 22,500, developing 24,000 horsepower and 
giving a speed of 28 knots for a reported coal consumption of 1 pound 
per horsepower. The mean number of revolutions was 430 and the maxi- 
mum boiler pressure 19 kilos. per square centimeter—270.24 pounds to 
the square inch, 

The results are considered satisfactory in every respect, both from the 
point of view of the engines and from that of the seagoing qualities of the 
vessel—“ The Engineer.” 
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JAPAN. 
JAPANESE NAVAL ARTILLERY. 


It seems to be corroborated that twenty-eight 14-inch pieces have been 
ordered of Vickers for the battle cruisers of the Kongo class. The other 
pieces are being manufactured in Japan at the Muroran gun factory, 
which is equipped for building 15-inch and 16-inch guns, though guns 
of such large caliber have not yet been built there. The management of 
the shops, expecting to be able to get along without the assistance of the 
English experts, had retained only a small number of them, following 
therein the practice which had obtained in Japan for a long time—that - 
is, of dispensing, as far as possible, with the help of foreigners. But 
in the face of the disturbing number of articles rejected on account of 
bad workmanship (more than half, it is said), it has just been decided 
to have engineers and foremen again come from England in such number 
as to raise the European personnel to forty. 

The three new battleships which have just been ordered will probably 
carry 15-inch guns. There is also talk of making a 14.5-inch caliber.— 
“ Revue Maritime.” ‘ 


RUSSIA. 
TORPEDO BOAT DESTROYER NOVIK. 


The world’s fastest seagoing vessel has recently performed its trial 
runs. According to German press notices, the Russian torpedo-destroyer 
Novik, built in the shipyards of Messrs. Vulcan-Werke, in connection 
with the official trial on the measured mile, with her trial load, has reached 
a mean speed of 37 knots, the maximum speed being 37.3 knots per hour. 
Some days afterward the vessel underwent the continuous six-hours’ 
trial provided by contract. The speed prescribed for the trial, viz: 36 
knots, was not only reached, but exceeded considerably, a mean speed 
of 36.2 knots, throughout the six hours, and a mean speed of 36.8 knots 














Length, 326.9 feet; Beam, 31.4 feet; Draught, 10 feet; Displacement, 1,280 tons; Effective 
pea sag gros 36,500 ; Mean speed on six-hour trial, 36.2 knots; Mean speed on measured 
mile, 37 knots. 


RUSSIAN 37-KNOT DESTROYER ‘‘ NOVIK,’’ THE FASTEST SEA-GOING 
VESSEL AFLOAT. 
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during the last three hours being obtained. The engines and boilers, 
in spite of these high speeds, never were pushed to the limits of their 
capacity, and no smoke issued from the funnels of the boilers, which were 
fired exclusively with liquid fuel. 


The Novik is a turbine-propelled vessel. The following gives some of 
her main data: 


Length between perpendiculars, feet ............. cc cece eee cece eeees 326.9 
Maximum breadth, feet .................-0. tS FTIR, Zack. els 31.4 
Displacement, tons 

Draught, feet 
Engine output, eff. horsepower ............ccccccceeccscccescees 36,500 
Contract speed, knots ' 

Crew, men 


The Novik mounts four 4-inch rapid-fire guns and four torpedo-tube 
sets. She is the only vessel of her class; but Russia is building eight 
destroyers of 1,050 tons and 34 knots speed.—* Scientific American.” 
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ASSOCIATION NOTES. 


The regular annual meeting of the Society was held in 
Washington, D. C., on Tuesday, October 7, 1913. The fol- 
lowing were nominated for officers for 1914: 

For President : 

Rear Admiral John R. Edwards, U. S. N. 

‘For Secretary-Treasurer : 

Lieutenant Commander H. C. Dinger, U. S. N. 

For Members of Council (three to be voted for): 
Engineer-in-Chief R. S. Griffin, U. S. N. 
Engineer-in-Chief C. A. McAllister, U. S. R. C. S. 
Captain B. C. Bryan, U. S. N. 

Captain Emil Theiss, U. S. N. 

Commander S. S. Robison, U. S. N 

Commander U. T. Holmes, U.S. N. 

Naval Constructor John Q. Walton, LS. R. C. S. 
Lieutenant R. C. Davis, U. S. N. 

Lieutenant George B. Wright, U. S. N. 

Engineer-in-Chief C. A. pet cast! U. S. R. C.S., later 
withdrew his name. 

The annual meeting of the Society for the counting of votes 
will be held at the Navy Department, Washington, D. C., on 
Tuesday, December 30, 1913. 

It was voted to lay the matter of holding a banquet in 1914 
before the entire membership, and accordingly arrangement 
was made on the regular ballot for officers for obtaining the 
decision of the Society on this question. 

The following new members have joined the Society since 
the publication of the last JOURNAL : 


MEMBER. 
Lieutenant Harold G. Bowen, U.S. N. 
ASSOCIATE, 


Dr. A. Rateau, Paris, France. 
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In connection with the Panama-Pacific International Ex- 
position which will be held in San Francisco in 1915, there 
will be an International Engineering Congress, in which 
engineers throughout the world will be invited to participate. 

The congress is to be conducted under the auspices of the 
following five National Engineering Societies: American 
Society of Civil Engineers, American Institute of Mining 
Engineers, The American Society of Mechanical Engineers, 
American Institute of Electrical Engineers, and The Society 
of Naval Architects and Marine Engineers. 

These societies, acting in codperation, have appointed a 
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permanent Committee of Management, consisting of the 
Presidents and Secretaries of each of these societies, and 
eighteen members resident in San Francisco. 

The Committee has effected a permanent organization, with 
Prof. Wm. F. Durand as Chairman, and W. A. Cattell as 
Secretary-Treasurer, and has established executive offices in 
the Foxcroft Building, 68 Post Street, San Francisco. 

The ten members of the Committee, consisting of the 
Presidents and Secretaries of the five national societies, will 
constitute a Committee on participation, through whom all 
invitations to participate in the Congress will be issued to 
governments, engineering societies and individuals. 

The papers presented at the Congress will naturally be 
divided into groups or sections. During the Congress each 
section will hold independent sessions, which will be presided 
over by a chairman eminent in the branches of engineering 
covered by his section. 

The scope of the Congress has not as yet been definitely 
determined, but it is hoped to make it widely representative 
of the best engineering practice throughout the world, and it 
is intended that the papers, discussions and proceedings shall 
constitute an adequate review of the progress made during 
the past decade and an authoritative presentation of the latest 
developments and most approved practices in the various 
branches of engineering work. 

The papers, which will be collected and published by the 
Congress, should form an invaluable engineering library, and 
it is intended that this publication shall be in such form and 
at such cost as to become available to the greatest possible 

number. 

Membership fees are five dollars, and information in regard 
to the Congress may be obtained by addressing the Secretary- 
Treasurer at the address given above. 
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